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At Commercial Shearing and Stamping Company, gears Gears are completed on precision 
machined directly from bar stock. Since the change grinders like the one shown here. = 
rich to lean alloy steel, the need for normalizing 

snd straightening the metal before machining has been 


are 


eliminated 


Three-inch gear blank be- 
fore teeth are ground; and, 
on the right, after final ma- 


=. 
t 
6 
ie = 
chining. 
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—T. C. Kane, Chief Engineer 
Commercial Shearing and Stamping Co. 


- MANY other manufacturers who, today, can- 
not get rich alloy steel, Commercial Shearing and 
Stamping Company of Youngstown, Ohio, has found 
that many parts that must operate in extremely 
tough service can be made of lean alloy steels with 
no loss in performance 

Commercial Shearing makes a wide variety of steel 
products, including stampings and forgings: but it is 
in their gear-tvpe rotary hydraulic pumps that they 
must do without rich alloy steel. Choosing a satis 
factory alternate steel for the precision gears in these 


in gear-tyvp 


pumps presented quite a problem up 2000 ond operate of 
Mr. T. C. Kane, Chief Engineer at Commercial, as high as 1500 psi, At Commer hearing and Stamp 

tells the story this way We used to make the gears ing Company, gears for this severe service are now mace 

for our heavy-duty hydraulic pumps out of Carilloy of straight-chrome instead of nickel-molybdenum ste 

1615 a Ni-Mo steel, with 1.65-2.00°, nickel). But 

when nickel started getting scarce, we had to find as ever, but this straight-chrome steel has important 

a steel in better supply that would stand up in this advantages for us over the richer alloy 

severe service ‘First of all, Carilloy 5120 is easier to machine, 

Qur gear-type rotary pumps are used in heavy- so naturally our tools last longer 

duty hydraulically-operated mobile equipment and “Our heat treating problems are easier, too. Car- 

must deliver a constant supply of oil at the correct illoy 4615 had to be normalized and straightened 

pressure. In these pumps, oil is trapped between the before machinine. This is no lomaer necessary since 

teeth of two meshing gears and forced through the there is less distortion in carburizing operation 


pump as the gears rotate. To obtain the high ethei “With 


reduced heat-treating costs and a lower 
grade extra, the change to lean alloy steel is saving 
us $40 on each ton of steel we buy.” 


encies necessary, gear dimensions must be held within 
extremely close tolerances And wear must be held 
down, because a loss of just 0.005 inch causes a sub- 
stantial drop in pump ethciency. These pumps oper- 
ite at high ts 1500 psi and to 
2000 rpm; so we have to be sure to use a tough, wear- The switch from rich to lean allovs is not always 
resistant steel for the gears. The question was, how as easy as it was at Commercial Shearing and Stamp- 
to get this in a lean alloy steel. ing Company. You may require special heat treating, 
One of United States Steel's service metallurgists or simply more careful heat treating, to obtain de- 
helped us out. After analyzing our requirements, he sired mechanical properties. But whatever your steel 
uggested a straight-chrome alloy steel — Carilloy problems, our metallurgists will be glad to help you 
20. Now that we have lived with this steel for a with them. Just call the nearest District Sales Office 
while, we are frankly surprised at the excellent re or write to United States Steel, 525 William Penn 
sults we are getting. Not only are our pumps as good Place, Pittsburgh 30, Pa. 


Carilloy 


UNITED STATES STEEL COMPANY, PITTSBURGH * COLUMBIA GENEVA STEEL ON, SAN FRANCISCO 
TENNESSE DAL & IRON DIVISION, FAIRFIELD, ALA * UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS COAST TO COAST 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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a) Size and in Aircraft Wyman-Gordon Experience —the most 
Ww ve created engineering problems, the solution of extensive in the industry —is keeping abreast of new 
“quired larger and larger forgings of forging demands involving the use of Steel, Alumi- 
1 aluminum alloy Examples shown num, Magnesium, High Density Alloys and Titanium. 

re forged structural members used in a . . . 


modern military Bomber, the largest more ton Standard of the Industry for 


et over all, These are forged on an 18 
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GRAPHITE TUBES 


@ High temperature applica- 


EXTRA-HEAVY 


tions of “National” Carbon and STEEL PIPE 


Graphite are not limited to big- 


tonnage items. A part of National 


PIPE SIZE, STD 


Carbon’s service ts to develop any 
STEELLOCK NUT 
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the unique properties of carbon and 
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Titanium and Zirconium Alloy Powders 


. without the high cost and 
expensive equipment needed for 
sheet metal fabrication and bar 
stock for small metal and or alloy 
parts, metallurgists now turn to 


Titanium Metal Powder . . . Titanium Hydride 
Zirconium Powder . . . Zirconium Hydride 


Equal to the low cost advantage of pressing 
and sintering for small parts, (such as components requiring 
hardness, corrosion resistance, and high temperature 
service) are the considerations that no waste results when 
these powders or hydrides are employed. Particles are 
homogeneous alloys, thus insuring homogeneous products 

Available from Metal Hydrides Incorporated are 
powders of titanium and zirconium alloyed with Nickel; 
Chromium; Cobalt; Manganese; Thorium; Uranium; Tan 
talum; and Niobium (formerly Columbium) 

Titanium hydride can be sintered under 

vacuum to produce Titanium metal. 

Zirconium hydride can be likewise handled 

to produce Zirconium metal. 

Save time, money, investment in equipment and 
machinery, and waste by using Metal Hydrides alloy 


powders 
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@ Members of the aircraft indus 
try and the National Production 
Authority held a recent meeting 
to settle details of a program for 
the testing of boron steel in more 
aircraft. Final specifications were 
tentatively reached for special 
heats to be used by individual air 
erait: manutacturers. Five heats, 
each type made within the ranges 
of high and low alloying content, 
will be tested in bar, tube, and 
sheet form 
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e Kaiser Aluminum & Chemical 
Co. expects to have its eighth pot 
line in operation at its Mead re 
duction plant by the end of the 
summer. The new installation is 
part of the $12.8 million expansion 
program at Mead that will add an 
other 40 million Ib to the annual 
300 «million Ib annual capacity 
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About $4 million also will be spent 
upon fume control, a problem at 
the Mead plant 


Westinghouse Electric Corp. 
plans to build a new plant for the 
manutacture of watt-hour electric 
meters at Raleigh, N.C. Part of a 
$296 million expansion program, 
the plant will occupy 500,000 sq ft 
and employ 2500 persons. The pro 
gram is the second for Westing 
house since World War UL The 
first cost $130 million and increased 
production 50 pet. The new pro 
gram is expected to boost produc- 
tion an additional 50 pet. 
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Specific Purpose 
Grinding Wheels 


Electro’s special composition wheels 
for the specific purpose of grinding any 
particular metal have repeatedly shown 
savings on abrasive cost at both vitrified 
and resin speeds, plus labor savings. 


Requi ts in grinding wheels b ingly individual. If the 
wheel you need isn't made, we'll make it for you. Write, wire or phone for 
an Electro Sales Engineer to survey your needs without obligation; and 
send for Grinding Wheel Manual 645 and Speed Calculator. Both free 
and very useful. 
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A Digest of the Production, Properties, and Uses of Steels and Other Metals 


Published by Electro Metallurgical Company. a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street, New York 17. N. Y.+In Canada: Electro Metallurgical Company of Canada. Limited. Welland. Ontario 
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the effects of other alloying elements 
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rk when men now 

Recently, Benjamin Farle 

also was elected chairman of the 
rement of Irving S. Olds. Perhaps 


ion Was necessitated by 


with 
the 


of many Major corpore 

iled to produce men capable of hy 

gher echelons. They fall far short of aluminun ‘ as fast j ‘ waply as we can, 
he man of vision who can plan for ‘ ‘ 

iment the need the res Interior Sect ry Chapman, in i r to the 

juilibrium needed r sensibl Joint Committee on Defense Production, favored en 

must find many, many couragement of new, independent and domestic 

he economic structure will become produce! Sawve! thougt viewed the proposed 

id collapse. At a time when the nation Alcan arrangement as a good one. Under the plan, 

it is producing only squads at le 80,000 tons of aluminum would be offered 

S. th vear and 90,000 in 1953. In 1954, 

gs would increase and the U.S. would assume 


SOSCSSCOCC®S a hability to purchase The contract would run 


an item not to the liking of Chapman 


plans to operate its Rockdale Texas 

plant on lignite, when construction Is completed 

According to I. W. Wilson, Alcoa president the cost SOSOSOOSCSO 

f natural gas has reached the point where othe: 

production factors outweigh any saving which might ATIONAL Production Authority’s present re- 
be made by its use. The price of natural gas ha port on the substitution program indicates the 
more than doubled in the last two years, and ha rvation program has aided the defense effort 
made the use of lignite economical where tran urably without upsetting the normal mar- 
portation costs reduce the overall cost of production the material substituted Realizing that 
northwest any eral trend toward substitution of one metal 
lter a particular market 


inlv lignite is more expensive than 
location of the new Texas r another ts likely 
NPA has moved cautiously and only when the need 


to a 


power, but the 

nt makes it possible to take advantage of favor- 
transportation conditions. The po sibility of of the production program warranted it. W. H 
racting tar and tar acids from lignite before use Wiewel, a tant administrator, Metals and Mineral 
aluminum reduction also adds to its economic Jureau. NPA, said the shortages will probably grow 
] less t within the next vear or two. As current 


irability 
comple ted 
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wtal will released to normal market 


expansion program He feels that n- n 


Copper billets from 3 to 9 in 
in diam and weighing up to 
1000 Ib, are heated in a rotary 
furnace to about 1500 F, and 
move into this billet piercer at 
Chase Brass G Copper Co 
Waterbury, Conn 


In less than | min, the hot 
billets are rotated and driven 
ahead by tapered rollers which 
open up the end of the billet 
to form a cavity, a mandrel 
moves in the rotating billet un 
til @ rough, hollow tube is 
tormed, and the tube is con 
veyed through a water quench 
The rough tubes ore then cold 
drown down to desired size 
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n April, 195] SIL tront and backwall are impressive 


MONTHS SERVICE: 18 
A five-campaign average for Blast Furnace Quality 
TONNAGE HANDLED: 827,000 (approx.) Firebrick linings in this mixer wos 225,000 tons. 


reclay Brick in the remainder of 

sse t 1/] laid in TASIL Cement. Call in 

2 Ind e a iT 1ylor representative for a factual discus- 
‘areas of severe sion of the TASIL possibilities in your plant 


Agents in Canada CHAS. TAYLOR SONS... 


REFRACTORIES ENGINEERING AND SUPPLIES, LTO ‘ 
Hemilten and Montreal A SUBSIDIARY OF NATIONAL LEAD COMPANY 
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High duty fireclay 
Taylor Sillimanite (TASIL) Brick, laid in approx. 450,0{ 
TASIL N 2 Heat-Setting Cement. were t, the TASIL Brick 
it n J ine iv TASIL 
When this mixer came down 
| Results such as this conti: 
TASIL ‘Balanced nings 
y. Use TASIL Brick in the 
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In 1853 the Somety held eight meeting 
Centennial of Engineering ind half a hundred erage attendance f six. and in all only pO 
engine g cretie Vill have eetings of one Kind or members came to the eeting In 1854 onl 
unothe n the tw veeks following Labor Day. It ts ngs were held, and attendance was ke than in 1853 
eal the 100th anniversary f the founding of the resident due for those withu 0 mile of New iF 
Arnie in Society of Civil Engineet Centennial of York) were reduced from $10 to $5 and non-resident 
Engineeri erely a convenient label to put on the iues from $5 to $3. This was done to “render member 
elebration of 100 year f engineering progre in ti hip le nerous, and with the hope that by so dou 
ant nee the ASCE was founded. Engineering, of new members 
t t nduced eeK a connection 
Arse muct jer than is thus indicated—thousand with the Society the labor f the members more : 
f veal lider. But Americans have a penchant for than their money wanted to make the Society use _ 
lramatizing progre by celebrating assumed annivet ful 
wer Brahma cnicken was pl to rent a room convenient to the office of some member 
in Poultr Industry We feel reasonably ire that 
the first dozen eggs was sold considerably earlier than of the room sot to exceed $250, and the cost of Au 
nishing not more than $150 
Until a hundred or vears ago engineers were gen- After it eeting on Mar. 2, 1855 the new Society . : 
group of civil engineers met for the first time in came to ite, wan tw 
Sugusta. Ga. but no records were kept and the first rooms a headquarters in downt wn New York, in j 
whiel ve have definite knowledg« Dur were put back up to 910 and $5, and the 
Barnum’s Hotel in Baltimore, Feb. 11, 1839. Fort assets of the Society were $1592.07. The next year tik : 
engineer vere present and they decided to form a vord and Architect vere deleted from the Society 4 
et Among the ait of these engineers was “the 
int of useful effect at the 2 after the 
which ts as good a slogan for t : 
t is 113 veal It wa 
f the member Talents and ress e prefe 
lable ind not 
nconveniences perplex most s 
rhe name American Societ _ 
electea It va recommendt ; 
t nent acnin ts aan itt 
embership. The founding comm mended the Civils quarters The Chemicals 
that every Member and Associate be re ed “to pro- did not branch off on their own until 1908 j 
iuce to the Society at least one —EEEEEEEEEpmmun- On Feb. 14. 1903 Andrew Carnegie wrote the fol- ' - 
plar r model not already 
Society under penalty of $1t 
too exclusive and the per 
nt e dav o the society dic ffort It will give me great pleasure to give ay, one million : 
vas. } vever, made to set up ineering societie dollars to erect a iitable Union Building for you all 
n a geographical basis, with one covering New Eng- as the same may be needed. With best wishes, Truly — 
land and New York; the second, Pennsylvania, New vours, Andrew Carnegie.” The societies were required 
Jerse Marviand, Delaware, and Virginia; the third to purchase litable property on which to erect the 
1 the state ith of Kentucky and Virginia; and building. The final amount that Mr. Carnegie gave wa 
lastl Kentucky and the Northwestern State Some $1,050,000, and the present Engineering Societies Build 
thir long this line was accomplished when the Bos- ng was dedicated on Apr. 16 and 17, 1907. The Civil ; 
ton Society of Civil Engineers was founded in 1848 jid not move in and become one of the four “Foundet aa 
Efforts t rganize a national somety were finally Societies” until about ten years later 
iccessful in 1852 when the American Society of Civil We are indebted to a histor f the ‘ 
Engineers and Architects was founded. There was but by Edward C. Tt a for most of the pe : 
ne grade f membershy t which were eligible tion. With the present buliding 0) e 
( Geological. Mining, and Mechanical Engineers th anniversary, what we engineer now need ji ri 
Architects, and other persons who, by profession, are another Andrew Carnegie. Unfortunately the political , 
intereste n the advancement of science Those edu- climate is not now favorable for accumulating large i 
cators of the present day wt take a dim view of the fortune which mav be available for ich purposes a : 
ila ide le 1 il t ngir eet car tr 4 et t Na half ct nt iry abt 


COMPARISON OF GRATE MATERIAL 


‘ tering grate left. «how bad Note good shape of Ductile Tron grates, 
tpage atter «a single month after he 


of lasted gray iron grates 


DUCTILE IRON FURNACE DOORS SAVE MONEY, 
TIME AND LABOR ordinary iron, exposed 
Thies are out to high temperature internal oxidation 
easily penetrates along paths of flake gr iph 
ite. thus causing destructive growth, Pene- 
tration is curbed in Ductile Leon, <inee it. 


graphite is whelly in spheroidal form 


DUCTILE IRON Sintering Grates and Furnace Doors 


excel in elevated temperatures 


Performance Records Show Outstanding Heat-Resist- 
ance of this New Material 


how that iren containing graphite wholly in 


provides notably vreater crowth re- 


stance than ordinary gray tron 


FOR INSTANCE: iron and Ductile erate bars 
in the Greenawalt <tnterimg <vstem of a merchant pls- 


tren producer ive the follow ine performances: 


At the Canadian Furnace Company, Ltd. in’ Port 
(Mitarie from date of there installation, 
19500, te Jaume 1951 


needed coplacements although 150 gray iron grates had 


no Ductile Tron erates 


replaced ifter 6 weeks servicer, 


end t list of publications on 
DUCTILE IRON 
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The sinter-plant foreman stated, “The Ductile Lron 
erates still seem to be as good as new.” Cast bv Lakeside 
Foundry. Ltd. of Port Colborne. these Duetile Tron 


vrates also out-pertorme dl steel urates tested pres iously. 


ANOTHER EXAMPLE: The forcing furnaces of a leading 
steel plant now have Duetile tron doors supplied by 
United Engineering and Foundry Company, Pittsburgh 
22. Pa. Gray east iron doors whieh were subjected to 
2) hours continuous service daily, heat-cracked after 
an average life of about four weeks. A trial lot of an- 
nealed Ductile Lron doors lasted 17 weeks 


than four times a+ long as those of gray cast iron, 


APPLICATIONS: cust. as well as heat-treated Ductile 
parts... serving at elevated temperatures in scores 
of machinery, engine and furnace applications... pro- 
vide a growth-resistanee heretofore unavailable in gray 


cast trom, 


AVAILABILITY: Send us details of your prospective uses, 
-o that we may offer a list of sources from some 100 
wuithorized foundries now producing Ductile Lron under 
patent Teenses, Request a list of available publications 


on Ductile . mail the coupon now 
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Douglas Aircraft Co., Inc., will use about 88 pet titanium for skin covering 
of DC-? engine nacelles. The use of titanium sheet represents the first 
time the metal has been employed in the airframe of a commercial sircraft, 


A 300-lb weight saving is expected because of the substitution for aluminum 
alloys and stainless steel. 


Recovery of germanium from smelter dusts is being investigated by the Union 


Miniere Du Haut Katanga. A report to the ECA indicates that germanium 
oxide can be recovered from the dust and smoke of roasting zinc ores. 


Apex Metal Products Corp., Cleveland, wholly owned subsidiary of Apex Smelt- 
ing Co., has the exclusive license for the continuous casting of aluminum 


and other nonferrous metals under the Goss patents, The new process is 


eaid to represent the shortest distance from molten metal to the forge hammer. 


Ordinary steel box strapping is being used by Solar Aircraft Co., for sawing 
stainless and other high alloy sheets. A much greater work life for the 
blades compared with that for regular saw tooth blades is reported by the 
company. The toothless blades harden and roughen within the first few 

seconds of cutting, and form their own oxygen scoops. 


The Atomic Energy Commission reports the use of industrial radiography on a 
wide range of metals at lower costs may be possible through utilization of 


atomic waste products. 


Mutual Security Agency approved a $8.47 million loan authorization to the Sollac 
Steel Combine for expansion and modernization of a light flat rolled steel 


plant in northeastern France. The hot strip mill is expected to produce an 
estimated 800,000 to 1 million tons of flat rolled steel products annually. 


Production is aimed at Western Europe's defense effort. 


Completion of the third electrolytic aluminum furnace at the Toeging plant, of the 
Vereinigte Werke A. G., of Berlin and Bonn, brings the plant to its prewar 
capacity of 42,000 tons of primary aluminum, The present monthly output is 


about 3700 tons. Bauxite supplies have been assured for many months in 
advance. 


Davy & United Engineering Ltd. of Great Britain, received the Karabuk Iron @ 
Steel Works contract for extension and modification of the Turkish firm's 


28-in. blooming and section mill plant. The pact involves the supply of 
more than 1000 tons of mill machinery and hydraulic equipment. The Karabuk 


installation is the only integrated steel plant in Turkey. 


Italian firms are buying Japanese steel in quantity for the first time since the 
war. The Japanese product is slightly lower in price and delivery is 


quicker than from American suppliers. 


Diamond Alkali Co., Cleveland, acquired metal cleaning processes owned by Spence 
Metals Research Co., Pittsburgh. Spence has developed several methods for 
desanding ferrous and nonferrous castings, and the cleaning and descaling of 
stainless steels. Diamond has supplied the basic alkali material used in the 
cleaning processes, and is carrying on research on application of the clean- 


ing salts. 
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Critical Jet Engine Materials 


N. E. Promisel 


Critical Jet Engine Materials 
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N E PROMISEL is Head Materials Branch Bureau of Acro 
noutics, Novy Dept. Washington D C_ The opinions expressed 
herem are those of the author and not necessarily those of the 
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requirements of different sections and com 
to above 2000 F 


Fig 1—Photograph of an axial tlow type jet engine To meet the specific 
many different materials are used Temperatures range from below 0 


ponents of the engine 


tempers 


onat 


compo 
welded 
repre 


t combination of temperature and complex 


t t nthe er ne and require the richest all 


tu ind thern hock, but do not present the tre 


there 


vhaust tem and tail cone, where fatigue and 


istrative only and are neither complete in a \ temperature must be combatted 
inde ich type me n the element ted f each Table I shows the standard AISI staink teel 
i In the jet engine Fig. 1. the a ente nte All contain chromium, most contain nickel, and it 
the compress« which operat it moderate ten me cases titanium, columbium, molybdenum, and 
tu ter The last three alloy llustrate the type 


cot alt 
40 to 


t tempera 


eventually finds its way to the burne ea, where tures and stress¢ Again, chromium is present it 
after fuel admixture and combustion, the hot ises i i nicke Nickel and cobalt have replaced all 
expand through the turbine blade the mn, with additions of the other high tempera 

The combustion chambe are made of high alloy ture element molvbdenum. tungsten. and colum 


sheet (such as tvpe 310 stainle or Nimonic 75) te biun 


Table |. Composition of Basic Types of High Temperature Alloys’, Pct 
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equirement fi bette materia t operat t t high thermal stresses and fatigue. The turbine 7 
he temperature lish te it } tre but as the 
Current jet engines require materials operati or htly more than 1000 F, reasmmmmbly lear ~ 
it temperature ranging from below 0 to above can be used. In some caste te disk : 
2000 F, over time intervals from an occasional briet f low alloy core and higher alloy im) may : 
hot-spot to perhaps 1000 h Stresses and operating be emploved The turbine blad ent the : 
conditions dictate consideration of str ipture, 
creep, fatigue, notch sensitivity, toughne 
osion (in Various torms), erosion, oxidation and I} high tempera % 
An axial flow type jet engine will | brieflw re } t the 
viewed Alloy eference n Table I and Il ‘ 
alloy and the hott nes are stainle teel, tita i ist f mediun high temperature and high nt 
or low allov steel. The rotating bladk isuall ine tre ‘ " n turbine disk Note the prevalence of : 
of low-nickel or nickel-free tainless, type $31 chromium and nickel, and then to varying degree ne 
and 410 respectively. The stationary vanes may be olumbiun molybdenum, tungsten, and | | i. 
of stainless type 02, 410 or 431, or iron-copper These allovs contain large quantities of tron 7 
powder metallurgy compacts, or even high tensile 0 pet : 
tle 24 to 2¢ 2 
AIST S16 fit 
AIST : 
AIST st 
ast t 25 to2 
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Tat mposstion of Basic Types of High Temperature Alloys extremely high temperatures are the 
‘ Pet ni t lictating its importance nthe n ta 
ty prima vy because the riche 
We ee vere consumed in W i War II, nece tating 
ex} ting the leaner ore for anticipated require 
High Cehalt Typ ent 
‘ ‘ ‘ 
It might appear that all high temperature mi: 
te i ire © tight that the tuation nope te 
Nickel Type i ibstitution is concerned. It true that it 
ften difficult to determine proper ibstitutior 
\ number of ts have been published by nor 
vernment ource purporting to show quantita 
————————— Liv thie elative carcitv of the element rer 
t ned In genera these t do not agree Va 
: ‘ ' lent that at thor n the lists can be expected for use in procure 
t ted Cobalt ment tockpiling, for immediate production, 
nd inge production planning, or for researen and 
levelopment At the moment, nickel might appea 
‘ to be the most critical element of al Yet fron 
‘ inge point of view thi not the case nd 
Dene in imbium and cobalt are trong competit fi 
toy tims imong the high temperature clement 
4 eh (? im can be cor fered to be the least th 
‘ f th ip. Chrome stainle containing I nicke 
was recent removed from allocation under CMP 
to the tatus of a non-controelled material. The 
matter of justified use and substitution become 
nna wait , even more involved when the partial interchange of 
4 ? everal critical elements, the questior f scrap and 
iifferent type f production equipment (cast 
ic ve i forging) and other related fact ire 
considered 
‘ N thie hth fe i 
{ if ist wt Conservation embraces many approache whict 
> it tit it on of it Le | it al ai ute «ti 
thie ! 2. Scrap recovers 
‘ ! t Repa euse and increased fe and efficiency 
‘ t tougt ) fin higt More efficent manufacturing processes to re 
t istenit t ‘ if quantity of scray 
Ke Improved control of composition to avoid ul 
i th rife i necessary irplu f critical ingredient 
? t t heat re 6 Redesign of components to require Ie critica 
teative t elect material n quantity or type 
: t t 1 othe It } been stated that the largest single outlet 
ind et for columbium was in type 347 stainles teel, Table 
t N | Three pe ble ibstitutes are available litaniun 
tal ed stainless, tvpe 321: use of tantalum to r 
t to the Free W i place part of the columbium,; and use of low carbon 
ma tur ov pet max) instabilized tuintie tet It 
tot ‘ tive st te belreved In most Case the two steel $21 and 347 
t} dire in be used interchangeably ilthoug?t hop practice 
; t tt rriet \ may require some modification. Retention of colun 
that na im may be istified for appheatior ensitive t 
t ‘ ; ease ntinued high stresses at high temperature that 
j ‘ ma na n high temperature creey whict 
4 t! ig t t t M tar innot risk the presence of inclusions o tringe 
t t ‘ nd po bly severe chemical exposures. Sucn Cast 
south Ame Aust na however. (except for welding electrodes) are gener- 
t Its ext heat re \ mn the minority The econd substitute, tanta- 
tt t tur te in ised extensively in the approximate itio of 
‘ te t ‘ imt im to tantalun ibstitutior 
! te ble because f important ore supple ind 
lomest containir columbium and relatively higt 
xt which it tantalun The third substitute, low carbon stat 
t t 4 i t whe ‘ rre vere ina ur ten 
‘ ' i it erature attack are not likely to be severe and where 
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Fig. 2—An aluminized outer burner casing formed of AMS 


5040 SAE 1010 steel offers excellent corrosion resistance 
up to 600 F 


molybdenum and chromium, with 

he eritical alloy 

boron for this 

teels has doubled 

about 50,000 tons 

per montl ni worry of uniformity is dis- 
appearin : ing experience (particularly con- 
cerned with deoxidation) and proper use-experence 
limitation must be recognized 
carbon content on hardenability contribu- 
about 0.005 and 


maxima for high and low 
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0.008 de 
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raft quality grade 

ut trength, notch and 
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Table Hl ves po ible alternate boron and lean 
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ing content of steel 

For Nickel Coatings—Nickel deposits are a com- 
mon method of steel from 
Nickel is particularly valuable under chromium. Use 
of such coatings on substitutes for 


protecting corrosion 
tainle alloys 1 
justified where other coatings are not suitable. The 
possible embrittling effect of nickel plating on these 
idered The tech- 
nique of deposition by chemical reduction, without 
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the ch cle ti f a stabilized material. to a mild 

It be noted from Tables I and I] that only type ~ 
( f the on series and AMS 5765 of the higt 

balt serie ontain high columbiun For the \ 
former, type B promises to be a suitable substitute \ : 
ind trie itter the high mickel allovs look promis- \ 
nz. } vided the increase in nickel can be tolerated \ 

Nickel in partial or total replacement, has been \ : 
the major substitute for cobalt in alloys. This is 
particularly true f the wrought allovs. In the case § 

f casting cobalt seems to play an important role j i: 

n contributing to ductility at low temperature - 
However, several new casting alloys look promising 
where cobalt has been reduced to about a third, with Riche 

ibstantially higher nickel and tungster Here is 
in example where redesign, to minimize stress con- 
centration and notch effects, might make possible 
the ise of more t ttle very low cobalt or cobalt- : 
free alloy Also, better control of applications to > ; 
would increase likel 
t n of blade shay 
tion by minimizing machi ni 
In the case of magnet high purit i bron 
compact and ferromagnetic oxide offer 
possil tie Where is 
nets are a pe | of - 
In cutting tools ah) 
bides, particula eC 

f columbium, some of the new materials Hs. ; 

( could conserve cobalt 

Some specific ibstitute possibilities for mil 
«tit 

For 18-8 Type Stainle Nickel-free 
the 400 series (Table 1) often 
Type 430 shows good resistan 
cali ind « certain 
chemical resist trength 
Howeve it las 
lower thermal 
may be apple 
even nickel itself. 
mately 2 pet nice  - 
mediate between the no-n iii wa. St:!! 
inother type of th: 
with resulting the 
ised for some high 
are also distinct possibilitie 
age ove tainless since the | B 
elected for pecial pre 

nductivity, and 
tion. Most of the subst 
engine applicatior 5 

For Low-Alloy, H 
Stee The outstandu 
treated stee In a suit 
ow as 0.001 pet 
hardenability, thus permitting savings | sional 


Table II! Possible Alternate Low Alloy Steels 


Other Conservation Approaches 


New Basic Materials 
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¥ 
— 
Composition. Pet 
‘ Me ‘i tr Me 
for sar 
for = 
2 
for 
for sar 
7 
for 
t 
trom 
fer = 48 
fer = 
bye f eu lentitfied ip to the alloy 
fter more conservation thar 

their made f the return of ove eu 

‘ t \4 ed 
t importance the improvement of manufac 
ry t ooo 

| tu thor o reduce crap productio Cas 

rit ned it Fxtru f pre ‘ hape offer additional advar 

‘ ttre 4 It nteresting to note the introductior wt 
+} intrv of the French Ugine-Se irnet extru 
tent t t 1 erate te ‘ int and as an insulator to protect the dies and 
mat Hi teal equipment U se powce meta irgv technique 
‘ t ermeable that can be cooled by passage of 
t th h ter i ist is fluid. Cooling by ich method 
} flow th rt otte one of the 
rit t rn pt che yn to permit 
bile ‘ ved mate i Sometime critical mate 
f the ter ment Where high hardne needed only locally 
hie i ce v allov steel or carbo eel mi 
‘ ‘ j duct ry lened a nec ivy Con 
‘ irface id to the merit of the 
‘ iy btained Automotive crankshaft and 
‘ +) Hot peenit f Martempered ter 
j ‘ heal eure tee) ni proposed a 
Dbtaini compre ve surtace tre 
mbdbined with hardne 
The mportance of reviewing every ipplicatior 
nif int puantitie f « tical le 
3 termine y het he the need fT then ictua ex 
‘ ¢ ' t emphasized, not f ettir however, that 
‘ t t ‘ there ‘ ee economy f replacement mainte- 
lopt not te t perate tisfact vy when needed, and 
i 4 i 4 
10) 1952 
2 d 
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OXYGEN IN STEELMAKING 


by D. J. Girardi and D. C. Hilty 


Because of the importance of oxygen in 
steelmaking and its influence on the properties 
of the finished steel, an Oxygen Symposium 
was held at the AIME Annual Meeting. This 
is a@ resume of the more important points 
brought out by the various papers. 


Massachusett istitute of Tech- 

the activity of ferrous oxide in 
authors reviewed and re-evaluated pre- 
iblished data on oxygen solubility in 
1 and the effect of temperature and slag 
1 on the activity of FeO. The activity 
oxide mn any lag was calculated by 


itior 

the oxvgen content of the iron in equilib- 

vith it by the oxygen content of iron in equi- 

hdrium with essentiall ire liquid iron oxide It 

was established that ferrou ilicate slags do not 

behave ideally, and the effect of t mperature on the 

activity of ferrous oxide and silica in this system 

appears to be incertain In heate and pho phate 

lags the ferrous oxide activitv is le than 

robably because of ferrite formation. In the 

id and basic steelmaking type slags the iron 

oxide shows positive deviation from ideality and 

cin ! does not appear to be affected by te mperature be- 

h Walte rogram Chairn tween the limit fl and 1650 C. Fluoride in- 

1 Steel Div creased the activity of ferrous oxide in all slags 
studied 

Ferrous Oxide in Slags \ new iso-activity diagram for the ternary system 

on was held under the Chairmanshy (CaO+MnO+ MgO) FeO SiO. wa constructed 

ts Institute of Tech- 
iblic Steel Corp. A D J. GIRARDI is associated with Timken Roller Bearing Co, 
n of the Canton, Ohio, and D C HILTY is with Union Carbide & Carbon 
Research Laboratories, Inc, Niagara Falls N Y 
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i 
| 
ts effects and contre n steeimaking R. Schuhn 
of vit concern to almost every ferrous metal nology, ade : 
iu t and teeclmake More recently the direct ay The 
meltit perat 
the nd } 
i ind 
+) ntere 
tior 
nd ot : 
the effective 
sits | 
thy 
vhen the Phy ; 
mittee of the I 
Symposiun 
AIME Annua 
va rganized 
Cher 
‘ the Iron at 
The t ‘ 
I Grar 
ind D 
British Iron at 
= 


re 


¢ 
rhe 


H 


Oxygen Equilibrium 


oxygen eq br 


2-Ettect of activity coethicent concent! 
al intert: 


Fig 


of silicon om 
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— 
t agreement ait? tre expe mental 
Silicon-Oxygen Equilibrium 
aX, a seme 
if ext pape Wa 4 pret nted one rn the 
; ma lot (hipmat the Ma achusett 
Institute Techs Tt ivh the use f cor 
tr phere aft tean and hvd get +) 
' melt f Fe-Si-O a \ were equ brated wit! 
the tr where ca ¢ icible and ther jenched 
pee CON ind i 
hydrogen and analyzed. By mea f th tect 
Fig | of content on the nique letailed study was carried out at fol 
oxygen im liquid won nd up t 1) pet cor f equi im rm the ta 
i 
' t wre SO 2H Ss 2HO 
net ted that th ontrollir ‘ +} 
‘ transfer of oxygen at the gas-meta nterface and 
' it the ‘ act at thie re tal ca rote ta Wu 
(; t na had 
, e thar ifficiently rapid toe keep pace with it 
ed } m the known equilit im constant of eq thie 
4 Vind) i) t tu teal 
wtivity coefficient f oxveel va letermined and 
‘ It alse wo found that the activit of 
. ! | cor highly dependent on the heon content a 
‘ K ‘ hown in Fig. 2 The deoxidation constant, [pets 
pet © was observed t be 2. 8x10 at 1600 ¢ 
7 Ming 
4 (>) <?) ‘ © agreement with the constant detern ned |t 
4 ’ Hiltv and Crafts and al that of Korber and Oclset 
constant weve not true equilbriun 
re omper ite the the and result i nea 
+} ‘ by) net err the 
j nstant product fe icticul 
; The effect of heon on the oN er ontent of 
nd nat hown in F Phe result 
: iid not confi break in the Si-O curve that 
Nia eported by Hilty and Craft but otherwise 
these MnQ) t t it yere te 
the agreement with the Hilty and Craft lata 1 
4 The equilit in at ind 1650 ¢ wa 
+} Cad) rei wtiviltte ry 4) 
{ tudied and ‘ ilted in the fe owing free energy 
that the arene ement with 
4 equatior for reactior (1) and (2) 
ene nd ot SiO) 146,500 6.3 T 
the ‘ bh Mu i nd Carte cu 
tect the ese con, and oxygen conte S10 2H Si + 2HO 
The pet S pet ©O product were 1.2x10 at 
ind 55x10 at 1650 C. a n close agree 
ment with Hilty and Craft 
‘ 
” | The subject of MEEMia under both ac d 
nd bask it and the carbon-oxveger reactior 
a 4 teelmaking was discussed by P Herasvmenko who 
| 
f j presented a omewhat different approach to the 
- blen Based on his experience in acid ope! 
hearth steelmaking he assumed that an dif- 
‘ 6 fu ave exists at the hearth-metal interface 
eee cent +} iored that there no need to a ime 
of ice. The experi- 
= 


ea’ > 
Fig 3—Eftect of silicon on the solubility of oxygen im liquid 


won at 1600 C 


bulk of 
he oxygen activity 
between the oxygen content 

ity, then the 


rbon contain steel will » lowe! 


ox 


veen content carbon-tree 
with the same slag ause carbon in- 
activity of oxygen. Applying this con- 


ting experimental data covering a wide 


ept to 
Herasymenko 


range of slag and metal compositions 
ipported his view that the distribution of oxygen 
between slag and metal is attained easily and that 
ivitv coefficient of oxygen increases with in- 
reasing carbon content 
Taken as a whole, the group of papers pre ented 
the Wednesday afternoon session indicated that 
he silicon-oxygen relation in molten iron is now 
reasonably well established, but that in spite of 
the large amount of research iat has been done 
the past or lag-metal equilibria and oxygen di 


tanding of this complex subject 1 


bution, unde! 


from complete 


Chromium Distribution 


Discussion of the strictly physicochemical aspects 
if oxygen in steelmaking was continued with G 
Derge of Carnegie Institute of Technology and D. J 
Girardi of Timken Roller Bearing Co. presiding. The 
concluding p of this session, however, on stain- 
le steel melting illustrated how fundamental data 
of this type can be applied to the solution of prac- 
tical steelmaking problems 

The importance of chromium control in the manu- 
both from the standpoint 


operation is well recog- 


facture of low alloy steel 
of residuals and furnace 
nized. A contribution to a better understanding of 
distribution between 
molten basic slags of the open hearth type was 
presented by N. J. Grant, Earl Roberts, and John 
Chipman of the Massachusetts Institute of Tech- 
Based on 60 to 80-lb laboratory heats made 

n an induction furnace, the chromium distribution 
between molten iron of less than 0.01 pet carbon 
and basic slags of the simple CaO (MgO) Si0 
FeO ty was determined at equilibrium in the 


to 1714 C. Chromium in 


chromium liquid iron and 


1526 
m 0.03 to 0.60 pet under sli 
2 to 20 pet Cr.O 
CrO n basic slags behave 
basic oxide equal to CaO and 


ration standard line 


function of excess base 


ist tion ratio, defined tempo- 

tio of the mol fraction of Cr,O, in the 
percent chromium, squared, in the 
otted against the mol fraction of FeO 
that the largest single factor af- 
tribution is the FeO of the 

mall effect, the very basic slags 

um in the metal than the very 


FeO content. The results are 


nt values for chromium 
dilute solution involved, 


x [petO] 


2.55x 10° compared to 
f 244x10° for a true K 


1/T plot for the above 


49,600 


20.15 


Electrical Conductivity 


Electrical conductivity data on slag systems hold 
fundamental view- 
yoint of furthering the understanding of slag struc- 
reactions. John Chipman, John W. Tom- 
nson, and H. Inonye of Massachusetts Institute of 
presented electrical conductivity data 
system FeO-SiO, up to 42 
mol pet silica, and melts containing 5 atomic pet of 
MnO, CaO, Ti0, ALO, and SiO, coexisting with iron 
The measurements were made in a dry nitrogen 
atmosphere and at temperatures up to 1500°C. The 
melts that were investigated obeyed the formula 


considerable interest from the 


tures and 
l 


Technology 
on liquid iron oxide, the 


and the energy of activation ranged 
from 5 to 17 keal per mol 

Liquid iron oxide is a semiconductor and its 
increases from 269 ohm’ cm 
at 1500 C. The value of 


specific conductivity 
at 1400 C to 324 ohm cm 


Fig 4—Eftect of FeO 
in the slog on the 
distribution of chro 
mium between slog 
and metol 


(Meee! 
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raruv as the 
lag over th 
m the Lith 
fecting the ct? 
lag. Basicity : 
~ shown in Fig. 4 ; 
Assuming the reaction 
und oxygen due to the 
ment iat t understood better if it be as- 
imed that the oxy tul 
n equilibrium w the 
i K’ at 1595 ¢ 
Chen and Chipman’s value o 
the metal and Ox 
Fig. 5 shows the log K’ vs 
lan the ox reaction from which : 
eg briun ~ 
yunlibri 
} 
. 
| 
. 
| 
} 
/ 
/ 
temperature 
the metal was f 
containing fron 
It was show! 
mo t } obably «al 
MgO on a molar ba Determination of the basic F 
character of Cr O, was possible by using the desul- 
phur) of Grant and Chipman a o> OS 
— 


Fe-S-O System 


Fig 5S—Influence of 


temperature on the 
chromium onygen re 
action om iron 

ntaming smal! 


amounts of chromium 
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‘ re ‘ ; 
‘ 
} f the met that 
‘ 
te t rive ed 
» 
‘ ‘ ( 1 t ‘ 
| ily i 
bide & ( t Reese h Lat t I 
Mixture f ide i ilphide ere 
red The me were ‘ ‘ 
4 t rin im ter 4 ti na were mined 
trie t thi bser the iif ‘ i f 
‘ eit thre ne f the Fe-S-O tery are n F 
| t t ‘ tted There eutect ¢ 
by j the it? pet ilphu nad pet er na \ 
‘ wo ¢ \ suid n cit » extend 
‘ ] i iy 
‘ nduct with the ot 9 16 5 } 
phur, 2 3 
it found that a it ht ‘ thy t er 
Metallic Oxidation in Cr Steel Melting 
In the tir na refinir ‘ ry in 
I 
ot +} widat ‘ } in nad 
© os 
$ 3 ‘ +} 
\ 
» 
‘ . the t that ct ry in earit be 
ised effectively nf t equired the 
n hetweer f the nad we he 
oxidized if earth is the de ed irbor 
. ntent Hiltv and vere oined t G. W 
‘he He f the Elect Met f 
\ ry bide & ( hon mn present 
‘ 
\ By meat the observatior Chen and Chit 
Fig The Fe O hhquidus diagram lated t it 
| 


ORYGEN, 


Fig 8 —Approammate chromium carbon temperature relations 
Fig 7—Ettect of sulphur on the solubility of oxygen in tor all chromium contents of interest im the melting of 
liquid tron chromium steels 
! ind cart ‘a wa The amount 
ne atmosphere {! met c oxidation (chromium plus manganese 
plu on) jependent upon the amount of chrom- f 
pet Cr im in the charge and the carbon content and tem- 
N : K 21250/T 15.86 t ture f the bath at the end of the oxidizing 
oP pe 1 TI of particular interest in the manu- 
With the use of th elation and it phical extra facture of ve low-carbon grades of stainless steel, 
| ition to the miting carbon content at zer because it would appear that if the charges for such 
chromium the ginal chromium-carbon relation 1 heats contain more than a small amount of chro- 
hromium steel refining published by Hiltv in 1949 mium, met oxidation may be excessive because 
xtended t sncasilinthaain im and carbon content f 5 tica peratir limitations on the tempera- : 
normal electric 
a similat Sampling and Analysis for O 
hould be added to the chromium f practical appl rhe final se on, under the Chairmanship of D. L ay 
cations of Fig. 8 McBride and R. E. Birch, dealt with the problems of 
From observations on a number of are furnace mpling and analy of liquid steel for oxygen and 
heats covering a wide range of chromium concen with the question of plant usage of gaseous oxygen 
trations and temperatures it was shown that the fi fecarburization. The subject of sampling liquid 
t f ch i is mang e) to iron in the teel for dissolved oxygen was presented in a paper : 
f a chromium steel heat depends almost ¢ by G. F. Huff, G. R. Bailey, and J. H. Richards of : 
tirely on the ratio of chromium (plus manganese) t the U.S. Steel Co An improved bomb-sampling : 
on in the metal. Through this relationship an ex levice hown in Fig. 10 was discussed. The im- y 
pre on fe caiculating the metallic oxidation du provements are all de gned to provide better pro- . 
ntamination than that afforded 
the bath at the end of the oxidizing period are knowr The question of the ze of the aluminum wire : 
Wat it ved. Oxidation calculated according to tt ised a i deoxidizer in the bomb was investigated . 
expre on correlated well with that observed or ind the results indicated that wire diameters of 
re furnace heat 0.012, 0.050, and 0.081 in. had no significant effect 
sy employing Fig. 8 for estimation of the chron Also, the reproducibility of vacuum-fusion analvsis : 
im (plus manganese) content of the bath afte vithin a sample and between duplicate samples was 
charge of varving chromium contents oxidized t The relationship of the oxygen concentration in an : 
pecified carbon and temperature level vere calcu pen hearth heat to the carbon content and to the 
| 
| 
A 
Fig. 9—Influence of 
| tinal carbon content, 
+2 S 300 and temperature on 
7 / the amount of metal 
Se lic oxidation occur 


ring in the refining 
of chromium steels 
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Modified bomb assembled and ready tor sampling 


Ettect of High Sulphur on Oxygen by the 
Vacuum Fusion Method 


sulphur gular Modified Pre 
‘ Methed, Pet cedure. Pet 
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British steel fier nd the British I snd Steel Re 
mermat Linde Air fu ( Phe data sire 
- 
ee Te i tad that the overa tion of the lance { ‘ 
le stir t in wir in nce 
. 
er nout wa ‘ ed The wt the amare 
ind Brandt indicated that evidence pointed 
* va the fact that the hemica ret thy 
nd meta In compari esults of oxvget neit 
thie electri furnace \ the per heart? thie 
: ince appeared to operate at about «0 to 75 pet f 
toil netric efficiency in the we of the elect 
furnace and at 200 to 300 pet efficrenc mn the cause 
of the open hearth. TI lifference in efficiency 
indoubtedly caused by the presence of an ONxidizit 
iw and an oxidizing atmosphere in the open heart! 
furnace. The importance of agitation unde xid 
ma how! eonditior further trengthened mn that the 
the i letert ned i ince may i t carbor en val ita tore? 
: tect " e nea equ met efficiency of ove 00 pet on a lightly aded 
t eute thar furnace In the case of bat ontainit 18 pet 
! mn equillbriun th the chromium, about three times more oxygel ‘ 
u t juired te emove carbor 
‘ ioteorminatior the Further nformation or ome phase oft er 
re tt n hint ilphu ! wt njiection for carbon removal that have posed que 
the pape en by D. C. Hilty tions and problems was reported by W. R. Lysobe; 
estigated by H. L. Hamne f the Air Reduction C An investigation on the 
| the [ ( bide & Carbor ise of the oxveer nee on blast furnace nf 
t ‘ | The found that the theon reductior ndicated that the onidation re- 
, action was local in nature \ wd portion of the 
— xvgen appeared te be exerting Ole i phs cal 
+h met met nd produced wave 
Table | 
f molten metal that broke ove the im of the opet 
adle Injecting a total flow of 16,900 cu ft of oxy- 
er n 75,000 It f n contained in the idl 
< semote pe brought about a change it con content from 1.24 
‘ to 0.74 pet, a change in manganese fron 162 to 1. . 
pet and the « bon content after the oxvgen treat 
ment was 441 et. Calculation ndicated an OXY 
208 istrated that the ise of it lance Wa not 
it actical met? i emovir heor mat nese, 
carbon from blast furnace n. Some work ha 
Kidde ntaminated will been reported whereby was efficiently ut 
ot 
iip? le l ved in basi or bye isil i i a thy 
hu mi ind 4 ild int ‘ ection device 
; The above inve ga n and he A k on 1c 
. il} i ‘ y ntainir bat! he ndicated that the ‘ 
‘ t l he itior nfluenced the concentratior at 
hig or 
; ‘ ii} il icon in the bath 
Oxygen and Air Lancing Acknowledgments 
} t ‘ t with the practical } The author f t eview wish to expre thei 
‘ j ' et \ n molten batt ippreciation t f tt e who part pated in the 
‘ er nad im the Ourtesy m maki pie 
: na the thy pape ible te 1 even bef ibmittir 
tertaken by the them evular publicatior 


Physical Conditions in the Combustion and Smelting Zones Of 


A Blast Furnace 


High speed photography through blast-furnace tuyeres showed 

coke particles moving rapidly. Model studies showed a raceway 
was formed and gaye quantitative results which were correlated : 

with actual blast furnaces. Another study showed the similarity 
between hanging and the flooding of a packed column. This was i 
explored by models 


Tuyere Studies, Chemistry and Kinetics 


wn from the early work of 


in the he 

combustion 

a high peed 
frame 


method of 


COKe 
90.000 


Ap- 


the coke 
JF ELLIOTT, Junior Member AIME, formerly with United Stotes 
Steel Co, is now with Inland Steel Co, East Chicago, Ind, and 
R A BUCHANAN and J B WAGSTAFF are associated with the 
Research Laboratory, United States Stee! Co, Kearny, N. J 
Discussion on this paper, TP 3333C, may be sent, 2 copies, to 
AIME Manuscript, April 7, 1952 Los Angeles Meeting, February At the t 
1953 Paper also presented at the Blast Furnace, Coke Oven and 
Raw Materials Conference, March 1952 


empe! 
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fires comt thor ne before the tuyere in an iron comparatively stat Here are re n whi 
t t furnace au Vital region because here are the gase must flow up tl igh the inular bed 
venerated: 1—most of the n which the fur- counter t yuid and metal. There 
nace depends to ca out its basic operation of re- is I eusy Wa t bserve th rhe ma Diast fu 
fucu ret e t the metally tate, and 2-—the nace, but model studies have been of me help uw 
mia fraction of the heat required in the nearby explaining the nature t the ne and the iWs } - : 
t ns of the furnace f the various reduction re erning the flow of the fluids i ved 
wtior the fusion of the ag, and the meltir of The whole problen lifficult and i lved and 
the ! Since the greate part ft the coke Is con- inv apy acn tt i complete olution ma equire x 
med in tl é n, the descent of the burden must long investigation. This prelimina eport | beer 
be eat flected | the characteristi« of the written, therefore becuuse t beleved that ay 
tuvere ne. Th egion then would seem to be preciable progre has already been made that would 
‘ fitable ftheld fe tudy be of interest to other 
Fortunately, a ew into th important zone | . 
nt Here he et elativel dark piece of coke It i well Kn Kinne 
dat . n the blast. What he os i of consid and coworke! that combustion of carbon before : 
ace il a ft en Ime Du rie very apiaiy ! Vins Zone A ( CoO 
cles and cure ‘ 14.108 Btu per lb of carbor [1] 
happening very deep in the me : 
TI investigation was init pe that Zone B CO Cc 2CO: AH : 
a bette inderstanding of t regior 6,183 Btu per lb of carbon [2] 
i by d by ‘ 
iid t Olaine ising amera 
; Zone A (Fig. 1) is close to the tip of the tuvere and 
with a maximum peed of ber en ‘ 
zone B i omewhat farthe back; there being a 
It seemed the best practical Em slowing 
: transition region in which both reactions occur. It 
iown this characteristically Violent action withu 
nterestir to estimate the ite at which 
the highly luminous field. Model idies and tuyere . 
; ; burned before a tuyere with a wind rate « 
I bing al have been used to aid in explaining a 
: cfm in a modern furnace having 18 tuverse iz 
the observed phenomena . 
proximately 0.55 lb of carbor consumed by eq 1 
Above the combustion zone, but below the fusior : 
\ ‘ t ere pe! A like amount disappear b ’ 
total consumption of 1.11 Ib per see per 
iming the coke is 85 pet C and has a 
ty of 30 Ib per cu ft, thi figure can be 
to a total of 1.30 ll f coke with a bull 
0.043 cu ft disappearin per sec pe : 
ature prevail n the combustion 
to Koz] wl the maximur 
the rate at which carbon is con- 


Experimental Work, Tuyere Studies 


nm normal operation On turnace with coke blank 
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ine ‘ tre i 
Fig Combust zor tound by ney ‘ t 
; , Yon N 14. 1949. after the furnace had beer 
t ere vere er nod the } +) 
‘ t 2 ‘ f from the } } 
pene H ‘ ‘ ‘ 
> 
Fig Stills from high speed movie 
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Fig 3—Vertical section showing mechanically active zone before 
tuyere 


beca 


with gravitk 


ulation of 


ighly 


be no ready 


proximately 30 
ection of the bed of oak blocks wa 
plane of the Fig. 5 shows the model 


4) was con- The behavior of the bed 
nace. It con- t! flowmeter 


which also car 


by a ran 
and bottom. A for 


ioned at one edge the 


a frame 
partich 
the emergent jet increased 

begin 

higher ra 

and with still h 
roughly circulat 
gent to the lower ed 


the void 1 raceway 


Table | Oak Particles im Slice Model Bed 


Percentage Particle shape Factor 
by Size and Leng Side 
Number shape short Side 


Fig 4—Simplitied sketch of slice model 
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4 
! ‘ it the tuvere ne in ar egularly »* 
furnace than in one n ny smoothly. These 
\ 
met ‘ t unae the mpact the et and \ ‘ 
forth bit f ke and The dark coloring 
te ‘ at ety temperat within the 
\ 
pe i ere a Lreate chance for a@ small poc- TUTE 
- > - 
‘4 
ket f ke and ore o be vealled off by partially 
ed ik The na nrust DV a 
nt the nb t ! ne before being melted f _ 
Sametime these ‘ piece fall t break up when 
the erte the uceWa they eem to be too big t 
tole ‘ nana wiy melt away. Careful exam- : 
tio f pictures of ich lumy iggests that they 
ure ‘ merate I med within the furnace i major difference in the iti of particle t et 
In viewing the films, the observer has the impres- diameter. It seemed reasonable to expect that, at . 
it the coke particles are moving backward least qualitatively, the particle hould behave sin 
to a ithe urge void. There is also the vague larlv whether the jet to particle diamet was 1:1 ; 
! ‘ n that just within view behind the moving or 6:1, For the short time that a particle of coke re 
wiCae a highly luminous wall, With no depth mains in the tuvere jet, it appears that the force 
lex, it mi pe ble t idge the size of this void on it Miiiuse of the jet predominate as compared 
the distance to the wall, Close observation show MEE tional force e 
that there 1 i general tendency for particle u Although the problem of similarity would have 7 
motion te e slightly as they are blown rearward been simplified by the use of a bed of coke, this wa i. 
und me of the large nes even roll upward a not feasible experimentally, chiefly because of photo 
t! eh be pushed up an inclined plane This last aphic limitatior Instead a bed of ik block Wi : 
effect. « ipled with the fact that some if the coke ed. as described in Table I. t conform approxi 
particles dropping in ftront of the tuyveres are very mately with the ize of coke appearing in the fu ‘ 
ead ne ilation tha nace combustion zone The oak had a der of aj 
coke a it a vertical circle with the jet rou proximately 57 Ib per cu ft and the bulk density of 
tangent to the lower edge, as shown in Fig the particles poured slowly into a container was a} ; 
Vodel Pertormance: There seems to 1 ft. In these respect the x 
%, 
meat i bserving a vertical cross- lar to a bed of coke lumy 
mbustion zone of a furnace im the filled and ready f a uv : 
tuvere axis. Therefore, a model (Fig is recorded by camera and : 
t ted to simulate this view of the fur une are positioned o that 
ted of two parallel plates of glass 30 Mn, be recorded. A grid of l-in. squares on : 
vere held in a vertical position 4 t filn attached to the viewing window : 
‘ jen frame around the two side nce. Below a certain flow rate 
1 ere, 1.1 ! n dian Was posit not move As the a ate 
tf the n te o that the axis of nt is passed and the particle ? 
\A n the midplane between the corners and \ ight! 
The tuyere ce i be located eithe articles in a turbulent motion : 
the botton f the model and its ate a void ts formed that : 
I ntal. By filling the model w oss-section with the jet tan- - 
1d ind biowi1ng a jet of al we Around the outer edge of 
nto the bed, the behavior of the particles could be ee of high-speed particles (t 
ed tt the gla plate 
{ t te ible thought wa given to the best way ‘ sf, 
awen 
to make a model t eproduce blast-furnace condi- - 
tion At first, it seemed that all dimension hould — < 
be ed down proportionately and the Reynold “ — 
numbe of the et maintained the arnt Unfortu- | ot vay 
te tl esult n extremely high velocities ap- | 
whing that of ind when the ze of the tuvere } 
educed to iboratory” proportions. It therefore | wf 
eemed ad able to maintain the particle size about oF Me 
the same and use suitable velocities to attempt to a ram 20M 
keep the Revne num be of the il flow around | ror O4* 
the particle constant. It was then necessary to accept 
Crt 
TUYERE — 
LF 
“ » é 
J : 
~~ 


Fig &—Model in operation 
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me nm way 1950 \ 
: Fig 5—Model ready tor run 
, t t et i are As the a flow increase the jet readily increase 
\ ‘ mre? nia nstead f three. Ir 
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drop 


compute d on 
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) ) and 
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n the nose of 
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av, Fig 
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lat the ol 
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n contour has been 
ation for these fu 
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re act H weve! many 4 int of larity 
exist etween the peed ture taker low! 
the tuvere a Diast furt ind e taker f the . 
It theref ppea that circulator f coke @ PLAN * 
ite ta ‘ 1 must i bet e the tuvere 7 
i i iw ale avDOVe a al . 
. 
, EN 
Cur ring 4 ‘ e: With the presence 
a Cewiuy na a \ 1 Del e the furnace tuvere 207 
demonstrated, the iestion a ‘ is t it e. Some 
indicat n en by Sweetse (and many 
furnaceme!r wi have probed tuveres), who ade 
cribes the i test and quotes Ora E. Clark as find- . 
. that the distance that d could be ea 2 
pushed into a furnace varied from about 4 ft just t p 
before cast to 7 ft 9 u ist after. Within the past . MODEL EXPERIMEN 
tw ca furnaces have been | bed with a water- VERE 
oled rod as a part of tl tud An interesting > . a " : 
aN 
feature of the probing that the rod tends to sa 2 ; an onan 
? owl we nt ‘ tir 1 thie rrit j N 
ne, but a pushed ftarthe back and strike 
tationa ‘ 1 mat i the end deflected uy o 7 
oes 
ward as thoug! t were plains ip at nelined piane “oe 
The ilt oof the yt ni ate +) at the acewa 
bef e the tuvere mn moder! Turnace at fu 
vind is approximately 40 u n dian ge 
Correlat f Raceway Size: In order to corre 
ite the e of the raceway with the air flow through 
the jet. two lines of argument seem reasonable, one a : ‘ 
bused on comst ition f energy and the other on 
COTS vat n fn mentun Ir the the kinetk ENERGY OF BLA as 
energy of the jet cor jered to be dissipated, since : 
the Case leave the acewayv comparatively LOWLY 
Ves a elation of weway diameter against 
the ate of expenditure of Kinetic energy (powe! angle-flow tuyere slight 
dissipation) in the jet. That is to say Air flow in the 1 , | 
0.1 to 0.6 LD pe 
M 
170 
P \ ) t and 1 F. The 
jue to the variatior 
heating of the au 
where i the ceway a rete M, the ma of temperature ente 
i ente ms n time ft, \ the near velocity of jet the velocity of the * 
and f indicate a functior harp cormne or 
On tl ba Fig. 7 has been d 
the effect of kinetic energy of tne 
rrieste or the weway Three inde 
nformation Nave been ine ided 7 
na model, 2 lata obtained by p 1 
furnace nformation taken from; 
es of gas in blast Turnace 
Discussing first the data from the model, the ma n the blast-distribution system was negligible. Cal- | 
air flow wa »btained from an orifice plate flow - culatior are based on the blast temperature, pres- : 
meter and the air velocity at the end of the tuyere ire. and volume recorded on the furnace instru- 
and static pre ire ist with 
It was assumed that the stat ; 
t- 
A was equal to that In the ivere 
kinetic energy of the gas leaving the rac a 
ma compared with the kinetic energy of the 
tuvere et. The data are cor tent and reproducil le ire the full diameter of the race 
to within approximately 1 in. of penetration. The Included in Fig. 7 are point ; 
band narrow except at low flow rate where the that have beer tudied for ga 
penetration Wa mall and difficult to measure accu- tuvere zone The 1 pet oxvee : 
tel Three tuveres were used, all of which had ised as an index of blast penet : 
the same nozzle area, that of a 1.17 in. diam circle naces, as it can be argued that ; 
a straight tuvere, an elliptical tuyere, and a 22 oxygen must remain in the ¢§ : 
ar e-flow cula tuvere whicn could be TI ndex ma ndicate i 
tioned downward or ipward. These we 
to simulate the principal tvpes of tuyere 
The elliptitceal tuvere vielded pom 
the band fo traight round tuvyeres but 
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. 1 the t t It 
ge” ‘ ‘ 
P ‘ ‘ ‘ ‘ 
‘ ‘ ed ‘ i | 
f ‘ rie cow ‘ ere 
- ‘ ‘ ‘ e. There ‘ ere ‘ ‘ 
ev 
‘ 
** . 
. 
ohtained with the t dimer 
ool tr i (that thy of the } ast the 
furt the bette Newthe thes« ‘ 
+} f ‘ lata f the ‘ ‘ f the te 
i end 
ry the ewa n } ‘ e efter 
i ivallable ‘ 
rie i cut i! i! ‘ that the 
‘ byt roited t thy ‘ lirect nm f nt ‘ 
ttre 
‘ *) ? the i ‘ 
tions f the widt f the ew Therefore 
bat ‘ tat ke eer ent CeCe 
The hemica e ©} 
extend bye na the mechar ‘ The 
t re and cewa ind bted ‘ od 
thy th ‘ 5 © ind CO +} the mech 
' t } ‘ i ne cont to Kinne ne A ) 
ke bed because the tuvere ore ut rie 
he pre ire th the i ndu ‘ ! 
hese ase continue t cor ime t 
jr +} by the ste be ‘ it the ne 
ed. ‘ esponds to Kinne ne B and 
esu ‘ ‘ ‘ 
+) coke j ¢ the hac f the mechar 
t ‘ n 
} Vic? aries } e the vher the 
thy ed ea n melt } the 
4 JOURNAL OF METAL ULY 195. Ce 


Fig 9—Correlation of flooding of packed columns 


Cross sectional area of column, sq ft (2 Superticial liquid velocity, tt per sec 
Fraction of free voiume im packing S— Surfece areo of packing, sq ft per 


cu ft per cu ft of tower volume cu tt tower volume 


Acceleration of gravity, ft per sec Superficial gas velocity ‘based on 
per sec empty tower’, ft per sec 


| lo ot 
supe Viscosity of liquid, centiporses 
Ib per sec per sq ft 
Density of liquid, Ib per cu ft 
orf 
Superficial mass velocity of liquid Density of oes, per ft 
© ib per sec per sq ft 


would re 
ability of these 


TRANSACTIONS AIME 52, JOURNAL OF METALS 


. 
Se 
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. ROM SHERW : 
v 
. 
tance between the top of the cewa ind the f ’ duce t a marked extent the perme 
re McCutcheon, Marst wnd Barns found cations to gas flow and would force the gases nor- ; 
‘ fence f mall al suenched f t ‘ then nto othe egior Thi in 
that meltir ed ¢ « to the tuvere ne. The turn i cause “floodi and plugging of these 
weve ‘ of tin vith furthe ipt n of the gas flow The 
ew when the wind w t ned off and f the vl e proce instable and once tarted tends t 
etlect of drau ‘ f ar fused mate the if It 1 \ at l egularity 
‘ of the enc) It with the t that the blast pre ire 
to exe ‘ tion when dise , the condition it buald pm. the « mn begins to hang, and unsteady - 
tion t ed the ‘ lence fro the ruenched mpermeable laver could form completely acre the 
nace ntert bis nrnductios 
Work don . iked absorption tows with Sherwood, Shiple and Holloway’ in 1938 made 
— intercurrent , detailed study of the floodu of packed columr 
tam of this type worl ourit ety of suids through variou 
crit tune eached At tl point the obtained a elatior hown in Fi 9, which ap 
his the rte f the man eve 
ed } i that thie imt i } 9 represent complex a ingement of vari 
ie blast furnace the conditior ble nd merits furthe liscussio! The ordinate 
rh the ‘ ed ist be the f re ‘ } haw ed the } fact +} 
if Imc? othe The f t ‘ entia y ine iu e of 
the tu byt ‘ nd t kir the irface ea of the tiel 
tior ct be ca ed back ward There nere ‘ pid when the particl are reduced wu 3 
cor iy hle temperature £ lient in the « mt ‘ i the 1 i fraction appea i i cube, tl 
‘ nit th, ‘ re nd the ‘ tive mea change m the nature of 
mo ‘ the « ler res we j +} The +} 1 factor thy ot the 
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ty Mars ‘ hannened that 
. i i ] 
“ ed mena that tend tr 
rie ere AT rhe wind inen i 
i 
the bed j ‘ lhe 
= - t i the e rm ided in F 
~ 
‘ i S} ‘ nd Holloway. Some diff 
Model P ‘ enced ir what w: cond 
art i with iean ture wax In tne 
hit ned \ furthe incert net the 
thy ny int f juld wax f f thy 
t easy t letermine the pe tior the re 
at any particular instant and the tengt! 
ed t heir longue f vit 
tempe iture 100 C. than f } he ten 
t ‘ ture 120 to 135 C. The ate f ew 
ned ive i the ‘ | eve i! 
-q ' i} Me ement vere taken on both top and bottor 
f the fu n ne 
Foust , ; ‘ ‘ In view f these irces of inaccuracy t was te 
he expected that the results w 1 show conside 
t eu pu i i \ ua \ 
iH ble seatter, but ot they fa ne with the 
the complete work of other aut! It therefore 
' eomed unnece i to make an e detailed stud 
‘ ene ent the i able nceerned i eu i pres¢ 
' thy tave of the w k. It eemed reasonable to cor 
t there be ‘ th 1 nad wax Wa i ciated with the 
‘ Lie f the bed ist be a the cal 
e Pertor ce: If the phenomena just de 
t tt hed ast furnace the suse f har 
t ‘ he byt the neat mmed ty 
it ‘ ‘ treme meace and thi ittempt t the « 
t t the ¢ furnace led in 
the Temperature f the iN CO o ) 
Pre ‘ ‘ thy rre P thy } 
cend nif i he irnace The 
eri i city ca ited 
\ i 
~ ‘ ea nd if ct f the ke 
dict iy estior 
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are t nt mead be the on] ne par- and othe hd wy trie tuvere 
vind te thar at ett pre ed tage where fact col 
y that the coke put int lefined and a et litth know? f the width of 
tr { ice 1 the t i that used as the these aceway 
" f the but that there was 1 ie The w k } ‘ en anew meaning to the expre 
ine mn the nee the ‘ mace penetrat m of the t ist i ti cu nuvi 
ante e While tl ect to conclude that the n t imy tant effect of char 
there es not seem to be any better ba available nue the penetratior not chemical but physical, the : 
f alculatior effect of changing the racewa diamete Undoubt 
4 ‘ t i eaiy in apt eclabic as ! it 
t ‘ t ert ear Velocity of the gase farthe ip the stack but how muct inknow! : 
ere tion f the furnace n t be Probably it al affects the flow of solids and yuid ; 
imed \r i te i mptior ! vt muct down the furnace t ome de re 
n KI thie nape the wud mat There me evidence t iggest that the ize ot 
1 thie fl A ul tre int thie ‘ t! il the “aceway n art 4ial ut ris ‘ nace 
‘ ent illable. It seemed rea able that the mewhat variable and « itic Suppose that f 
' ectior f the f nace Was We above ome reason the coke tis prevented from entering the e 
the tuvere but 3 bablv not above the mantl The raceway for a short time ‘ ‘ example would 
ritle irea W therefore ed in the ca f the i hed ubove the raceway 
It ppreciated that the ises probat i t flow Then the racewas bound t ncrease ir e be 
nif th nthe furnace t the mantie but cause the coke continuou cor imed. TI mat 
‘ ect iid an ttle bette than a he cont huting fact in the atic ‘ ilt found 
ection Was applied. F tt in plant B, 7 and 
the incorrectne f Ne ind 5 are in the same The data and argument presented strongly if 
directior ‘ thev w i tend t move the point gest that “flooding which characteristic of “ist : 
lownw ion | 9 and may well be contributing and liquids flowing countercurrentl n a packed 7 
¢ fs nt Ivine well below the columr mav be an im} tant tacto mn 
one curve egular blast-furnace operator rt flood t 
It } ild be ‘ ed t t ti ‘ elation i iv of the coke bed just be ¥ the fusior one ma : 
COMpLEN ma thie contribute appreciably to har ! n the lowe part 
of the furnace. It is to be noted that probal there a 
Hanging Fact 
ive a numbe of ci ‘ of scat and accretior or 
the furnace wali Obviousls the cat formed in 
nve mat prope the Phe the furnace tack are due t otme cuust and it 1 
only the scabbing « tightening in the lower part 
sp \ 4 comparatively mple expression of the furnace that can be directly related to flood e 

I of the coke bed A 
but its influence on flooding minor under blast : 
f nace naditior It therefore een that one of Ack led ' 
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Distribution of Manganese and Oxygen 


Between Molten Iron and FeO-MnO-SiO. Slags 


The distribution of manganese and oxygen between molten iron 
and FeO MnO SiO slags not saturated with SiO has been deter 
mined and used to calculate activities of MnO and SiO in MnO-S:iO 
slags. These were found to be intermediate between the correspond 


ing activities in FeO SiO and CaO slags 
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T" tant the reaction be 
i ‘ 
Ning) 
] 9 
; Korber and Oelset nd Chipman, Gero, and Winkle 
tant Wher 
e summarized in Table | 
\ ()) ret)) na vil Ir the present nvest lecided t 
‘ between the +} te n SiO 
and tt FeO-NInO fe of the tern 
tw tem FeO-MnO-Si0~. It has been shown’ that the 
present ified 1 part f the 
t SiO ere ted thie ctivitic } n 
net et beer nvest ited fully Hilt 
baal nea ttemnpted to examine th eactior 
iitable In the esent investigatior 
t? iq vith ich furnace thie tud 
t hts of MnO 
en distribution between n ter nad (CaO 
iggested that it ild 
materia \ second seri Vas Ci ed itu 
Arn on containing 0.02 pet coo 
nei ¢ ‘Ss Manvanese nd con add 
tior cor ted of elect t manganese (99.9 pect 
3 
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Fig 1—Rotating crucible turnace 
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Resistance Furnace Experiments 
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Mn) t ts t tc pet Fe in ass WNOOW 
1 \ 1 it) Si a pre 
‘ ‘ 1 (99.9 ) MTROGEN UNLET ~ 
H eat ‘ ( icible ca a NITROGEN rier Plate 
‘ pu i i 
t y found that the » did not remain i TORY aveere 
| 
trong jet of nitrogen directed | 
; 
thy ected the ippe m of th } 
the expe ment cedure Was n tified as f Ow 1} | | 
The met melted nd the crucible otated | 
‘ mir I n oxide. partitioned from the meta — } 
entered the | ‘ of the icible around the | 1| Rast 
f | | : 
ibsequent) ne and made ne irface it RUBBER || i] 
t I} edu PI at 
nwa ‘ pped and add made tt igha ] 
of tube pa from the top down to the A 
‘ icible. Bef emoving the i window to intre | P= 
juce the tube. the nitrogen flow wa ncereased. The if | : 
ture held constant for min after the > ily 
A complete er cl according J 
} ich > 
Korbe nd Oelsen’ and Winkler and Chipmar 
ifficient to estal hequilit im between metal and TT 
bemperature wi measured by the immersior = 
\ met? i} tinun itinum-15 pet hodiun DRIVING PULLEY 
thie couple ft tected bs i Cu heath ul 
S miple btained t dippu ar 
vith met espe when the v laver Was very 
thin. Consequently the charge was allowed t iction methods of sampl 
iif le the and imple were taker 
t mi the i meta na ee A — Aye! to 9 Table Il gives details of slag and metal analyse 
n 1 ™M 
mr thick w ‘ eparated fro the metal Viast temperatures and correspondit kK values for mine . 
t about 1550 nd as the melt solidified withiu 
te? ott the irrent t Wi : 
imed that nificant change in the equilib- Becau 
im } j curred at ich a high ate of cooling : 
meth mav not be o reliable fo 
tempe ture emoved trom the melting point of 
on tc tre tin too high v ies for K It 
minimize the po tv of mechani- 
ent ment of ig particl n the metal sample 
tu 
rhodium tt 
cible. Afte 
on ¢t 
Tem rhe 
pera by means of a imple The 
care re given 
Neo ‘ Mo are given 
242 
‘ 2 2 I 
> 
$4 20 209 
2 2 2 2 4 29 
‘ 5 ‘ 
24.4 +9 for 
ndicated The results in Table III may show a x 
ghtlv lowe trend than those obtained with the as 
UY 
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In the FeO-MnO 
‘ +} that it ed 
tect of atent of on 1o())-FeO-SiO ter } 
bictril ‘ 020 at 
j +} 4 nad Chi 
‘ ‘ 
that FeO bet yan FeO-MnO 
t f Vind f it irre 
rit f Ving) ‘ ild then be ial t 
| ) 
‘ 
= a 
Tot Expermments Carried Out in Resistance S102 
Metal siag is 
weet Weret 
‘ Moo fet 
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Fig 4—Relation between oxygen content of metal MnO(sMnoO) (<MnQ) 


and FeO content of slag : 


(<keQO) 


nt th 


FeO-MnO-SiO 


Table 1V_ Activity Coefficients for Manganese Oxide in Slag 
MaO-siO system 


neorrected Corrected 


Fig 5—-Activities of metallic onde and silica in the binary systems 


FeO S10, MnO SiO, and CaO 


JULY 1952, JOURNAL OF METALS—721 


\ 

020 K, Ste yg Slag In basi lag Ky 
ximately the ime a pure Nice ib us 
nad O. may be regarded as completely con 

O16 bined with CaO. Thev would then have little or no 

. effect n the activitie f MnO and FeO At lowe ; 
bs tie wher ifficient CaO present the . 
O12 tivit f MnO wered more than that of FeO ; 
' ; ind K es. as Was shown by Darken and Larsen’s 
examination of stecimakini ub and the expe 

008 ment f Tammann and Ocelser A ftour-fold in 
crease Ky. (.e., fron 8 to about be 
the maximum expected as the slags =m mort wa 

acid 

Ca if f Manganese Silicon Contents of 
Molte Ir n Eq OF th FeO-MnO-SiO 
= 5 Manganese The manganese con 
centration can be calculated from the equation : 
nondall ontent of tt al 
‘ ‘ { i content of ig. The value vhere (MnO) and are the total manganese 
t if ‘ ver t 
‘ vi ni \ I sai nad fe is oxide contents of the ig (or deoxida oa 
Ir i 6) the of MinO have beet 
i nt respectively 
: Siheon: Korber and Oelsen found that for silica : 
ty aturated sla ontaining about 50 pet SiO,, the 
that ‘ content i } 
tially lid and therefore these pure elate to 
ipercooled juids in tl The values for 2Fe (liquid) SiO 2FeO (slag) S: 
ere i to determine a (standard stat d 
eer could be expressed by 
‘ ted te) thy VinO-SiO0 vsten DV at 
plicatior f the Git Duhe ‘ The value K (XFeO) | S = 
htained ind tad that the ficures { K +5 at 1550" 
taken from at 2 nd 30 pet SiO. were tor 
high, ' it f 10 nd 11.9, respectively, } babl (a | S| 
heir ‘ head ed curve (a ) 
nt n F > ts that the value orn 
btained in the tatir furnace are too high. Bott ind Korber and Oelsen’s expre on for Kw assume : 
the corrected and un ected values of are that: 1——The activity of FeO equals its percentage by ; 
ven in Table Wwe ht Dilute olutior ot heon in n obey 
lata f the tivitie f MnO and SiO. in MnO Henry aw The activity of SiO initys < 
leftined bove) ‘ plotted against on metal in eq librium 
N n The f Schuhmann and Ens with a ven at 1550 can be 
nd n nd curves fe ilated if it is assumed that a is proportional 
n CaO-SiO n correspond t the weight concentration of FeO, and also that 
t ipe voled ids at high CaO contents) are als F can be interpolated from the lica activity : 
n a line va tion from a lat N 0. al- (a ) ’ 
| Si | 4.5 
most t vat N () ind using the figure (sFeO) 
ict t of Va jlated ust the Gibt Fig. 6 compare ome of the ecently published 7 
luhen t t It be een that the elative jata of Hilty and Craft on deoxidation with silicon ; 
tior f the tivit irve ire in: eement ind manganese with those calculated from the 
key er bond trey +? cal 
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Thermodynamics of lron-Silicate Slags: Slags Saturated 


With Solid Silica 


Experimental measurements are reported for the oxygen pres 
sures of iron-silicate slags in equilibrium with solid silica. CO -CO 
mixtures were bubbled through the slags in silica crucibles to find 
equilibrium values of over the entire composition range of 
silica-saturated slags at 1250°, 1300°, and 1350°C. From the data, 
the activity vs. composition relationships were calculated tor O, FeO, 

and Fe 
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Y*LAGS 1 3 mu y oof ca and ror proach saturation with metail ron. Owxidized slag 
S have particula practical importance i ich as Coppel melting i contain larger pet 
coppe meitit mn acid steceimakin and in ac- centage of fe c oxKide and approach or react of 
inti f the ervice behavu of ca retrac- aturation with magnetite Since these two Kinds of 
The ntain both ferrous and ferri compositional variations are closely related to two 
that thev are ternary reneral propertie of interest fe all metallurgical 
three-component suid itor For convenience lig busicity, and oxidizing power, it 1s 
FeO. FeO. and SiO The constitution of the FeO eventually will throw further light on the gnin- *e: 
Fe O-SiO yaten it laumaking temperature ha cance and nature of these long-recognized but a - 
been studied u ecent investigation described in a vet poorly understood slag properti . 
eparate pat rt work showed the compositional Measurements of oxygen activit i i function of ae 
nue f t ite melts at temperature up to lag composition, using CO-C¢ Ps 
tionships f melts in equilit im with variou venient approach to the study 
cludit n. wustite, magnetite, and lica propertie of iror Licute lig Ma preceding in- 
i}\ peakir the comp thor of on-silicate vestigation, tf approach Was used in a systematu 
melt ' ven temperature should be thought of a tudy of iron heate slags in equilibrium with solid 
\ , ove two-dimer mal field In the f t iro rhe present paper gives the results of a similat 
ea /tote n oxide relationship varic tudy of the iron-silicate slags In with 
from maximun ca { ica iturated melts t lid hea. The experimental work ccH in the 
mur ca f wustite aturated melt ut determination of ratio m gas mixture ut 
hivher temperature t ero ca for straight ! equilibrium in the system 
vide melt In coppe meltir for example, the 
mverte appl ach the ca limit while Kal liquid ica 
th everberat furnace i have intermediate Determinations were made at tempe 
‘ ntent ach rik aif i ut it 12 ] fe i il rig 
! me imstance Liquids formed in the pore from ior ituration to magnetite sat 
f et t es presumably e close Ca equlbrnum rati and slag 
, turation. The second type of mposition variation were determined for the univariant sy 
the fe j ‘ it nsnit which depend 
n how xidizit how reducing the proce col is: liquid i ca or 
{itor ‘ Relative educing is ich a cid quid siag Magnetite 
fee Making ive lower in ferric oxide and ap- 
Experimental Methods 
Mal procedure was ¢ entially the 
t used in the previou tud of iron 5 
aturated with solid iron,’ but in order 
the pitta it ited al atil 
mbiy wa ised. A yuid “ag Was pre 
pure prefused stock materials and 
equilibrium the lica crucible at 
temperature. of CO 
continuous!) the melt 


assembly 


Gos mature outlet 
Access tubes 
Rubber gaskets 
Brass head 

ling water in and out 
Outer silica crucible 
Crushed silica packing 
Gas bubbling tube 


inner crucible 
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‘ i ture me irement cor te i ( 
‘ Tempe t it in empty ¢ i 
+} cible assembly t bout roo ¢ ved unit mity of 
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‘ ‘ t thy ivirmet comet ised ' prev i 
trie ‘ whict ted in absorb CQ. in at Ca- 
‘ ‘ ed te n? ne t the CO i coppe 
that ‘ <ide furnace ind ther thy ‘ iltir CoO 
econd ascarite nhvdrone tral The mix 
at ture ed f about 90 pet CO, 10 pet CQ. te 
11) net CO, 99.5 pet CO much le nee thar 
+) +} rere i k fir \ i fu tudyv wa 
ead te { the Die ¢ nthe met? i, espech \ 
Il) f mixture A n CO }’ ble irce 
i tweon the re vest ted were ve nd manipulatior 
bly ete va i t K ! 
tz bial puritie mixture ve piu 
: ‘ ‘ the nter? ter thy al f ind 
! pace betweet calit iting the CO and CO owmete! in the ga 
. 


xperimental Results 
E pe enta e Fig 2—Silco soturated slags Log | vs pet FeO 
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‘ j it } ct CO . 
‘ CO t t and about ) pet CO ; 
‘ } } 
int ‘ thie mple flushed th the CO.-C 
ture ell fed to the furnace The entire rn : 
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nd 1 In tern and tot 
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7 
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- 
Pent i 
Ne i 
ntent ‘ from O76 t pet and the atio 
40:19 ‘ 
494 not he measure of tt tate of oxidation of the 
2 242 fe e vari from 01186 
2 ‘ 124 rt py 1000-fold variation u 
4 “4 2 t espond te i fe i chanwe 
t hig educitr characte of the 
454 444 In the vest «tute f oxidation at a piven ten 
2 ture nt » 15, 17 of Table I) the ‘ 
tion at nm tempe ire (pon 417, 48 and 49) 
64 P \rhe experiment leat en in 1 and 
mt tion: wt pct FeO, the tio ferric iror 
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Thermodynamic Calculations 
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Table Il. Activities in Silica-Saturated Iron Silicate Slags 
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he feed ht natu Toble 1) Crude 
As show I e Il, the ‘ t edure Crude Ore 
ed the en feed, see Lal Year 
1 witl { or 17 pet of the rid rt . 
‘ ntaue f | ve | ppe emoved witt 
neent rate fiona hedule that + 
47 
j way ’ 
bable iil ’ 
+) neentrate before nd after tt 
eleadir tw ed in operation. Du 
, 1942. 194 nd 1944. when lead w ecovered ‘ 
n a ngle step in the lead flotation « uit t fa zinc concentrate of acceptabit ide. It 
‘ ’ &5 net ¢ 7 pet 4 thy idk ‘ ead content } that tl procedure tend to float a good dea 
mained in the ’ neentrate ind it ild be ‘ _" nt the lead concentrate, especially whet 
kept t that: et ‘ bv floatu f n 2 pet t the ‘ ‘ refractory In the past, these rhe 
neentrate After the int tuctior t ne delead ead concentrate were tolerated a long as the 
t n 1945. the lead in the ! concentrate tu ilue of the refractory lead recovered wa eate 
yd eased t ‘ than 4 pet of the crude ore than the va f the ne that had to be taken int : 
a ‘ a ie ¢ ‘ “a t 
nient ar ath * thy present time the ' j t oft the ead concentrate nd thus wa lost a pa prod 
‘ thor 10 pet of the ‘ content in the ict 
mbined lead product ee Table I rt epre } n 1949. howeve the amounts of refracte 
tion witt 25 pet decre eu ‘ ¢ rh the nereased t ich an extent that it became more and 
‘ j neentrate i? t the trie more difficult t duce marketable ead and 
co" n the zine concentrate | equ mount the customary strong flotation conditions in the lead : 
The neentrati plant of the A ( Sant reuit. a good deal of the lead and also coppe 
nit teal me thre e of Sant tropped into the ne section and floated there unde 
Raort intalt noe in the itheent part to the detriment of the ade f the ne concentrate 
Seat f Chihuahu n elevat f ¢ ft Attempt etard tl lead mm the rie 
the dist hale which } sit with pot im bichromate and to float it 
+} numerous veins that have been mined lecided to trv a deleadir etreatment of the 
nce ¢ ! tin The we f the Spar i fir ne concentrate alor the line leveloped yn 
ext i eve hundred feet be w the it ‘ the lead could be floated awa iweessfully from the 
ept in th ‘ here « n? Deen EXxce re fte the latte had been depre ed with ceva * 
At the esent time. n confined t the epee nd ilphate th leleading operator 
€ 9} Ores from five diffe t ¢ of the re flowsheet in July 1949 
P i they na the prir The mmed te re ilt of tt procedure wa a ne 
‘ ‘ ‘ 1, ena tic mprovement in the ne concentrate rade 
forn f oct t me ext t +} the emoval of cor lerable amount of 
te and aT ‘ na ne concentrate with relatively low losse of zu 
» the refloat lead concentrate. In turn, the lead and 
For a number of y nd till th idle of 1949 oper values thus recovered and added to the ori ; 
the flow eect the ved the cor ent ‘ j-coppe noentrate ce espondir 
re f1 t } nts pract ng selective flotatior eased the recovert« n the lead and coppe ( 
led ind st t t neentrat \ othe leleadu operation had beer 
f the lead liberated in the t ndir . established. it became pe ble to change the 
t. a lead ppe eparation | at t meat ' nflitio: n the riginal lead float. Instead of at 
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+) ‘ ‘ The ‘ 1 the ofl at rm atior and 
i ‘ ecoveries and the bsequent di t ts obtained are shown in Table IV 
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Chlorination of Zirconium Oxide 


Production of anhydrous zirconium tetrachloride by direct chlor 
ination of a zirconium oxide-carbon mixture in a silica-brick- lined 
chlorinator 1s described. Theory and thermodynamics of reactions 
are discussed. A pilot-model chlorinator and full-scale production 

equipment are described and operating data are included 


Table | Production of Zircommum Tetrachloride trom Resistor 
Furnace Carbide 
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Vroduct ib ib 
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Theoretical Considerations 
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Exhaust to scrubbers 
Condenser heating air blower 
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4—Sihea brick 
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Water-cooled copper electrode connector 
Graphite electrode and nipple 


Nickel cross-over pipe 


Production chlormator 


13 
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Condenser jacket 
Battle 
Discharge valve 


16—Aw heater 
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18-—Cyclone type aftercondenser 


19 
20. 


> 


> 


<3 


Water scrubbing tower 
Caustic scrubbing tower 
Exit gas outlet to stack 
Cousti circulating pump 
water inlet 


24—Caustic bleed line 


Power Input and Temperatures Attained in Operating 


Pilot Model Chiormator 


Temperature 
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4 
: 
hopper 
2—Star valve teeder 
Ball valve 
5—Steel shell — Blower 
Insulating brick 
7—Clean out I 
1 ‘| 
10—Chli t pir 
12— Primary condenser 
t it whict troubie- nput and temperature attained in normal ope i 
me in direct chlorination due to the presence of tion are given in Table III i 
. — ncipa bon monoxide and When the desired temperature wa attained | : 
han dinvide which tends t vee] it fine part ot ne flow was adjusted to 5 lb per hr. the meter | i 
ni wl ct Aad co! tre ‘ 1 t tle In 
heat the ppet! the furnace mediate reactior Wa noted ncerease m the 
! iphite re t ‘ nstalled. A chl me ‘ termperature of the top of the shaft and un the cor ; 
cheat " made by ¢ nz a length of thin wa jenser. During active ch nation, the heat tran 3 
n. nickel tubing into a helix and applying low ferred to the condenser by condensing chloride made 
tage power to op] te ends of the tubing. A additional heating unnecessary, but a high volume 7 
hort f Nichrome resistance wire was wound of circulating air was maintained to prevent local " 
mn the ex ed inlet to the nicke ndenser to kee} erheating of the condensé¢ Chloride condensed 
fren ‘ le Condens« heatit tempera vith an iundireated condense hell temperature of 
t ew muintained t maze-tvpe Nichrome-wuire 180 ¢ lense. granulat ind free-flowing ai highly 
te at conditior te yuer t it on 
W te wi crubbed in 4u liam pyrex gla In early considerable difficult vu ceca 
towe cked ! with 1 in. porcelain Rasch ned bv disintegration of the briquette im the 
t The tirst tows Va ipplied with waste co harge. the resultant dust causing channeling of the ; 
' wate from the cl nate while the econd chlorine and poor efficienci Furthermore, the oxide ? 
functioned rculating 2 N lium hydroxide suite abrasive, and briquetting in a conventiona 
olution tvpe pre ilted in wea of punche and 
Initia erating test howed that the cold - jie Fortunately, a briquetting machine of the Bel 
<ide-carbon | ruette lid not conduct well in roll tvpe was available and the ery hard 
er he ‘ ‘ i bed of i mest jense briquette made with th equipment proved 
‘ t carbon wa ncor} ited in the heating to be quite satisfacto Briquettes made in th 
in ne stion. the ch rinato haft w first aded 
+) hy the ha re t wit mesn ftwooda 
cl ( 4 » to the we end of the grapnite elec- 
n. TI vas f wed t 1 12 to 14 in. depth of the Ku P| 
1 ir jiam in. thick | yuette f zirconium 
mixture Chioring wa admitted eheat 200-2301 
electrical powe turned on. Representative power 
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Operating Data 


Fig 5—-Briquettes of zircomum corbon miature ready tor 
chlormation 
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te ct ced 2 
nei ‘ present | nat not } 
pet tiie tte P +} the ace juired eaute 
tu hut t ntl t thar ‘ nred f carbide ite 
ec nat ‘ en m4 the ce for the carbide furnace not ! fered 
( n wit er n Table if 
erable i t to the direct ¢! nation This pape report of or the investigation 
eration. Actu t ton of the carbide prot ed out by the Rare Metals Branch, Bureau of 
t i be ed t the me ; nat Mines, Region II, Alt Oregon, under the 
least i f the n of S M. Shelton. Regior Directs Phe 
tior nd somewhat high te ry fuction might the servies f Irwin J. Groce wt ‘ responsible : 
ned i t lirect ‘ net etior nd it the pilot-mocde 
nation ‘ eluminatior f the carbian nate and construction of the inge-scale 
tes with it elat exper ‘ upment and equipment and William F. Hergert unde whose 
high operat ts. It estimated that operat firection the large-scale equipment has been ope 
ble capaci W \ W Semen. and Yerk 
Direct cl ‘tien if brick-lined shaf Ductile Z tos Elect 
jue attack upon the brick 46) 89. pp 263-27¢ 
ben e of the ted ntact of the W_ J. Kroll, A. W. Schlechten, W. Ro Cart A 
{1 ; © small amount of silicor Yerkes. H. P. Holmes, and H. L. Gilbert: Recent 
ted re the Met of Malleable Zirconiu 
on, the Electroch 1947) 92, pp. 99-11 
48) 94. N 
et W. J. Kroll, Stepher ind H P. Holme 
Product Production f Malleable Zirconiu n a Pilot-Plant 
Me December 1950 
Graphite-Rod Hairpin-Resistor Reduction Furnace for : 
figh Temperature Tra \IME 1950) 188, pp 
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Ke fue 4 The j Propertu Nat. Bur. Stand 
nd S S for Z nd ZrO : 
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I n III, Bureau of Mine Berkele Calif 
iid a H A Doerne ind W. F Holt k Chlorination of 
Magnesia. U. S. Bur. Mines R. I. 3833 (December 
4 p. 
MecBert Anhydrous Chlorides Manufa 
ture FLAT. Final 774 (1946) pp. 15-18 


Observations on Nodular Graphite 


Chemical analysis shows the partition of the magnesium addition 
between the metal and the graphite 1s independent of whether the 
graphite ts in the form of nodules or flakes. The bright central 
spot observed in nodular graphite polished sections is shown to be 

due to the structure of the nodules 


Table | Analyses of Nodular and Gray Cast Iron 


Nodular 
Iron Cast Iron 
blement Vet 


Chemical Separation and Analysis 


HM WELD R L CUNNINGHAM ond F W C BOSWELL are 
Physecal Metals Min Branch Deportment Mines and 
Technicel Survey Ottae Ont Careda 
Disc usseon pape 27 oy be sent 2 copies, t 
AIME by De nus 2 Philadelphia 
Meeting Octobe 

Genera Scventitn 


Departmen ’ n Surveys Ottowo 
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t Howeve 
t let ed knowledge ' t 
: 4 + 
2 
tad that 
Tt 
! | 1 i, t did not d ve the titar in anadiun 
fl from the nd t ybodenun ir bic These latte carbicde 
' ‘ i eet t i} e beer en ed by nitric acid, Dut in othe 
‘ nt f nt nod that it tt iy of 
n entrapped he nodule which had 
\ t f of t ntil the nitric acid treatment, been | tected fror 
} M thy f thy hvd ct ind hivar 
thre j It w er n the next sectior 
‘ i ke 
1 Na t mic examination many tins 
7 nod nd the flake These were identified | 
t {ie bed in the appendix f tlon w btained f X- it \ \ i 
f titaniun irbide wa btained indicating 
t t! ‘ ‘ vuld be ren ed mechanica 
i, led 1 separa- 


Graphite nodules showing the bright central cores X425 


rhe i ‘ 


Magnetic Properties of Nodules and Flake 


pre nve wa 


Table || Data on Samples 


Nodular (eray 
Iren Cast Iron 


Table Hl Recovery of Elements from Nodules and Flake by Ashing a 
Based on the Analysis of the Two Cast Irons . 


Recovery 
Analyses of Ash trom trom Katto 
Nedular (sray Cast Nodules 


From blement Iron, Pet Iron, Pet blake 


Nodular 
Flement Iron Pet 
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i 
t be ised t t 
Wi the ‘ t nit t indicate 
‘ ‘ hits Bleorncs ele ent wil it 
iy t ‘ expected ?t the ‘ 
‘ 
I 
nted 
en that the ery co! sluminur nstrated by work to be 
tin, and chromium hav alue of jescribed in the next section 
miit f expe ment ‘ 
: 
the extractior nd clean these laborators it was found that nodule ex 
byle mn the case the cast whict ted f m nod cast vere feebls attracted 
has 45 time is muct ilpt the nod rol i; magnet. wherea raphite flake extracted fron | . 
The effect +) ry the i me ‘ ast or lid me ippea bn It Wil 
educe it f m O55 045 Ut led t nvestivate the “Use +) iifference u 
F manganese and ppe? the ratios are 0.49 and bel ind t ee if it was related to the forma : 
espectively, being gnificant ‘ than 1.0 tien of nodule To obtain information on this mag 
nd th ndicating a relative concentration of the netic material. advantage was taken of the fact that 4 
hide-formit element the flake The nicke sbstancs a characteristic 
it 84 hows a relative concentration of U temperature it which the ferromagnetism di : 
pa the amount of nickel present rn ifficier Le 
form mic copica ble 1 4 magnetic balance of the translation-bar type 
est nowe t t nickel con ind furnace Was mist icted which wa 
na 4 ibmicrose nucleatu ont on make po ble the dete 
i t nt ‘ 
From the re , it f n and ea mination of the Curie points of the ferromagnetic j 
of n re ered in the nodure tu fat first af rate ‘ materia n the degree of dilution in 
vhich thes cecurred in the nodule In this instru- 
h 
PSCC ment the force on the sample due to the interaction 
vith the magnetic field is balanced by an Opposing 
Gray Cast 
tren. Pet 
2 2 “6° 
Trace re 454 02° 
T le ‘ 4 that the pect 
i 


\ 


magnets properties nodules and 
The prese t only one Curve port 


the terromagnet substance 


Table 1V Results of Magnetic Measurements 


Kestering 


sample 
Arbitrary 
mits 
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| t | hea Ad yunet iw 
4 | ‘ ‘ ple a ere 
I | t ‘ the al 4 It wa found that , 
f the r tule the marnetiu ‘ thered 
wr i lu V 1 tl 
eld w en ed, the powdes vould disperse but 
‘ fu plu 1 pet Fe eld wa , ed. The i tant fact w that the 
fcates that metolhc von ' hich ¢ i t 
it i vA ‘ mre ithere 
the nodule 
/ vere distributed at random tl inl t the nodule 
iwerer tt ticula \ iM ited with the cent 
t the pe ryhie Ir ow f the at © 
thie Hilerenace n the? ertie fr lule 
nd flake iphite cannot be nterpreted as « 
The fe mauenetic mate nthe? | ‘ has 
Since thie t ted that fe magnet 
te ter ature i ‘ 
ticles n ht have been embedded in the irface 
tule turit the polisning isimila 
thi ‘dition of 0.36 pect of 
expe ment Ww Ca ed it ising flake graphite 
‘ nt found. thus in Was no ¢ lence of magnetic inclusior Fu 
the fiscu n of the above results will be given u 
te ect noft the pape 
esent in the \ 
vnoin I Microscopic Observations and the Central Spot 
It key that ‘ hed irface ‘ 
" the maxis 
ir graphite cast " ‘ mined in the liegt 
ate \ etic xture mat f the nodule It he ested that 
eu ‘ 
‘ it | wt ‘ it wo gina indertaker i tud +} 
The nodule were tudied isi! t ere Ca 
thie u t eithe thie and it wa ‘ nel is coment the 
wie nvestigat that the nodul essed a characte 
ow maene eared elative th flat face 
sonal wre lefined 1 The fact that 
ipl ha bear nterpreted i é lence f 
now snhitic core. Othe have sopested 
torce for 
Restoring that the pot t flue to the cha 
borce 
ettled eomet leration nee if ‘ 
eal ‘ re ‘ i t the t the 


Fig 3—Electron micrograph showing smooth central spot of nodule 
X4500 Area reduced approximately 50 pct for reproduction 


but the size distribution found in practice’ would 
t iffect the con isior 

Counts on several carefully polished samples in- 
ficate that about 60 pet n t the nodules show 
a central spot, altho igh in a poorly polished sample 
this figure may be much lower. Thus if the central 


ic core, it would be ex- 


pe diameter of the core would be about 
60 pet of the diamete of the nodule and the ratio 
of the average diameter of the visible pots to that 


of the nodules would be about 50 pet. Measurement 


f a large number of nodules having central spot 
howed the average core diameter to be only about 
10 pet of the diameter of the nodule This 5:1 dis- 
igreement shows that the assumption that the cen- 
tral visible spot is due to a real core of nongraphiti« 
ite i ntenable the ture given will 
vary omewhat fron pecimen to specimen, the 
Vurlatior ire flicient to conceal the noted dis- 


Interpretation of Electron Micrographs 
It has been known fe ome time, as a result of 


microscopic examination under polarized light, that 


POU SHING PLANE 


Fig. 4—Diagrammatic sketch indicating variation in surface struc 
ture across a polished section of a nodule due to the orientations 
of the radial crystallites 
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Fig. S—Nodule showing variation im roughness from center to 


periphery. Electron micrograph, X1500 Area reduced approx 
mately 50 pct tor reproduction 


nodules pe t a radially vmmetric tructure Re 

cent X-ray work ha ve tied that a nodule con 
ist of a number of graphite crystallite each 
lightly misaligned with respect to its neighbors and 
with its basal plane perpendicular to the radiu 


which roughly passe through its base. With thi 
model in mind many feature of the miuicroscopK 


ined 


observations can be expl 

If, during polishing, a nodule ts sectioned between 
the periphery and the center, then the crystallite 
near the center of the ection will have its basal 
plane nearly parallel to the polishing direction, but 
the surrounding crystallite will have their basal 
planes more sharply inclined to the irface, Fig. 4 
It is a well-known property of graphite that the 
binding in the basal planes is very strong, while the 


between basal planes is weak. Thus during 
olishing it is belheved that the graphite of the cen- 
ral crystallite is removed in flakes leaving a rela- 
tively smooth surface, while the surrounding graphite 
will be inclined to the polished surface and hence 
will be broken away in small chips leaving a rela- 
tively rough irface irrounding the central spot 
If a nodule i ectioned exactly through its center 

all the graphite in the polished surface of the nodule 
would be oriented with basal planes perpendicular 
to the polished surface, and a uniform nodule should 
appear with no apparent “core However, nodule 


which do not possess a smooth central spot 


more frequently than can be accounted for by thi 


that nodules built up of 


also may be poll hed so 


that no central spot is visible, even though they are 
not sectioned through the center. The reason for thi 
lie n the fact that the angle between the basal 
plane of a crystallite and the polishing plane must 
be mall if the urface of the crystallite is to be 
lipped off in flake As the number of crystallite 
making up a nodule decreases, the probability that 
the basal planes of one of the crystallites will make 
a sufficiently small angle with the irface to allow 
also decreases. Thus a nodule composed of a few 
arge crystallites will often be polished so that no 


mooth central spot appears 
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Appendix 
Extraction of Nodules and Flake from Nodular and 
Commercial Cast Iron 
For extraction each batch of approxi- 
il in K and placed 
When reaction 
are decanted 
and the pr 
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that may 
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1—Met nil andomiy entrapped during 
2——-Flake and | bat nodule contain a non- 
“4 fe nm compe nd 
\ le f m the entrapped on there ippeal 
to he no element in ifficient quantity to a int for 
/ ‘ ble nucleus. Howeve this metallic tron is not 
‘ ciated with the central | ition 
4 Manganese and copper are relatively concer 
. trated in flake aphite 
> / ) it is st pe bie that a ipmi copic non- 
graphitic ¢ tallization nucleus exists in the nodule 
} ~ 
Cher aul evidence iggest i nickel com} ind 
t Both the light and electron microscope appear- 
net f nodule in polished section Nas been inter- 
nreted a jue to the st ture f the noduls nd the 
a 
| 
a at th centra pot is exposed ir- 
{ i h area which in turn ir- 
— hat the rhe rh effect 1 
et ‘ bse ed. } 
‘ he noted that if the po hing plane cut 
a that le than halt f the phere 1 
the cent ‘ tallite w have their basal 
, t ed to the pe hed surface that a flake 
F ed from the central ervstallite with a. Cedure repeated with fresh acid until miimmim iron 
@ dict bance t its indarv. Fi ba On has been dissolved 
) : P i ad « « than half of the nodule. Fi As the graphite has a tendency to float, it con- 
ided the adjacent vstallite will tend venient to phon off the clea olution of tron 
the the ane the centra phate 
' | effect ma ecount for the great It is then twice treated with hydrofluoric acid to 
‘ impernet im tae ms int of disturbance at remove lica. This is followed by a treatment with 
j € the «s th central ea hve cid to imsure lution of any residual 
' vn that the central spot shows uy ine have been held by the silica. The 
iN white not con- resi tiltered and washed free of acid and, 
bite indu graphite as it equired, treated with a 
, ed to he a to the fact that the smooth mixture of hydrochloric and hydrofluoric acids and 
etlect cor i e on nt of ht finally washed and dried at 100 C 
ht whened mhite largely H. Morrogh and W Iron and 
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th t itch i lished ect nm are 
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Observations on the Tension Texture of Aluminum 


N the development of a new treatment for the pre- 2-1 @) 


diction of deformation texture it was noted 
that for no me are there experimentally deter- 
mined tension texture with which the predictions 
may be compared. There is a considerable knowl- 


edge of drawing textures and previous workers have 
o consider these as equivalent to ten- 
ion texture for the purposes of comparison It i 


hown, however, in the new treatment that the ten- 


ion and drawing texture are not necessarily iden- 
tical, the radial compre ion exerted by the dic in 
the drawu operation producing some modification 
of the tension texture In particular for the face- 
centered cubic metals it is predicted that for draw- 


ing the final texture should be [111] with a spread 
towards [211] (a more detailed derivation of thi 
texture has been made by Calnan ). This has been 


amply confirmed by experiment, see Hibbard.” For 


the pure ten n case, however, the treatment pre- 
licts intermediate [111] and [100] textures leading 
to a [211] end-point, while all previous treatments 
have predicted the final texture as [111] with in rs o-9 O-7 
ome Cust an additional [100] component. Thus 


Fig. 1—Superpure aluminum, initial condition Unit triangle show 


evidence that the pure tension end-point ts the [211 | 
. ing ratios of the reflection intensities for plane normals parallel 


that [11] 100) ‘ final 
hat [111] and | " )} are not the final to the tension axis to the corresponding intensities of a random 
texture hould provide a valuable test of the new aggregate. Broken line is estimated position of ratio unity, the 


boundary of preferred orrentation 


ned in de- 


tail, one of cold-rolled high purity rod (99.99 pct) 

: “ar extent bv giving a softening heat treatment, 1 hr at 

pecimen A ind two of commercial extruded rod of Cc ‘ 15 P t Vick } i 
300 after eact ) t of extensio cers hard- 

tv 99.4 pct pecimer B and The initial an- eacn pe K lare 
ness Measurements gave value vfore and after the 

nealing treatments were: A, hr at 400 C; B 
softening treatment of about 30 and 28, respectively, 


> hr at 400 C: C, 1's hr at 650 C. The principal 


in that of in comparison with the initial value of about 19 cor- 

responding to fully annealed material. From recent 
bet e fracture oc as overcome to some 

observations in this laboratory it is concluded that 


gonization 


— A CALNAN and B E WILLIAMS are Members of the Stoff poly 
of the Metallurgy Div, National Physical Laboratory, Teddington process rather than recrystallization proper and 


Middlesex, England consequently the preferred orientation is unaffected 

Discussion on this paper, TP 3330E, may be sent, 2 copies, to At the higher extensions, however, some slight neck- 
AIME by Dec. |! 952 Manuscript, March 14, 1952 Philadelphia ing of the specimens took place and it was necessary 
Meeting, October 1952 to turn them down to a uniform cross-section before 
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4! the ext n. By t 
tis f the fol wit 111. 200. 220 
20 the particular the marfact 
68 ° en A before extension and indicates a little pre 
as Fig uperpurc (mmm 75 pct extension ferred entation. After 75 pct exter n, | =, it 
the 211] and 1] it eu ‘ ed be 
14:1 tween three and four time t the expe e of en- 
tations around [110]. Th Saw thas 
f the tion between different ectior f the 
‘ pecimet ynicn Vu found th t it { 
the hserved value \The effect f exter = 
11] {100 text ‘ f 2 istrated 
’ the ext led i specimen, B, I nd 4. The 
texture ha leveloped afte 0 pet exter nm the 
a ndicates that the final end-point is neither [100] 
1-2 t 111] but, since the [311] and [211] are ht 
“ ifter 75 pet from a ratio of 1.1 to 9 while the [111] 
nd [100] increase from 0.3 to 0.85 and 0.2 to 2.2 
pective 
Summary 
: Wi that ton 9 "7 ‘ 
‘ mppea nat j cl \ i 
3 Col! condition the text } t tt ed 
duce the nal texture ve heen a ned 
a4 minum under te nare not the [11 100 
, the [011 one between these point 
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illiza- 
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nt vi the following hmiut O, 0.05 
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to O nd \ 98 to YYY 
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han 10 pet 


Ir ( t ivoid temperature effects, the 
} t we to cool between passe X-ray 
+} ‘ YY f posts from the 
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Preferred Orientations in Vanadium 


a 

o (110) 
R 0 
i 


T 
b (200) 


Fig 1—Pole figure for vanadium cold rolled 95 pet 
Circle—(112) {110}. Square—‘100) [011|. Triangle 
112 


foil, 
ealed in evacuated quartz tube and annealed at 
1600 F 

The X-rav data were obtained from transmission 
inhole camera, and 


tantalum 


hots made with a 0.030 in. | 


molvbdenum radiation with a zirconium filter in- 
erted between the specimen and film. The grain 
ze Wa ifficiently small in both the cold-worked 


and recrystallized material to give satisfactory re 


ilts with the specimens stationary 
In order for the wire texture to be determined 
transm on X-ray patterns were taken with the 
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RO 
HE} } heen no publicatior on the wirt 4 
\ 
t t nm the « ed sheet texture, nor on 
t heet texture of vanaqadiun Since « A, 
t } entered cuble tructure, it would be y 
4 
toad how strongly preferred orientatior yan 
found i n and molybdenum The XN ic” 
tant n niot and bra A » 
: ‘a 5 
na ¢t have {110} frrection iving 4; 1 
el to the wire ax Wires of iron, contaiming a 
wy 
¢ « na ste< retain their tex- 
1 
‘en' wires retain their texture after : 
el t > att > 
ton ture 1100] recrystallization 4 SSN / 
text t bet eported for molybdenum’ and fo A 
Fe-N (53 atomic pet Ni) y \ 
} i_rolled sheet texture for iron,’ mild steel, = — 
; 101 a 
nd fenun chiefly ome n which the [110] 
to the rollir direction anda 
‘ ‘ Da Lit 
the wy: re ey allel to the rolling plane with 
jeviation from tt position chiefly about the roll- 7 
lirect is an ax 
r ner presents the re- 
t i wire texture ind the cold-rolled and FS sy 
t i sheet textures for vanadium, The 
+h toxt mn vanadium are not RT 4 KS ES, 
esult th e texture mn vanadium a! 
< 
entered cut meti <A A 
The vanadium used in thi investigation was the y Ring 7 
KY A 
A 
y 
» j 
> 
tched to 0.005 in. diam and used a ich for speci- “SY Y> | 
Annealed sheet w educed 95 pet in thick- 
from 0100 to 0.005 in. with a two-high, 4-1n 
rit i 
heet The sheet was mounted in a fixture ar 1 the | 
i vere using metallogray hic technique 
} j ‘ ternate hed and etched qdur- 
ow t stage n order that all worked material 
e! ed. These post specimens were ap- 
. mat re in cross-sectior The specimens 
| 


ered cubi 


texture is described 
(100) [O11], (112) 


ts) 


zed texture 


—- bed by (111) [112], and by (100) [011] 
b(200) ] abe he norm: rolling plane 
figure tor vanadium recrystallized at 1600 


» thank A 
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RO ba f the orientatior 100) [O11] and (112) 
\ 4 p> ~ 2 The texture ild be d bed ‘ 
( a entat with +t, ‘ ry the 
ect i ints 1 i t 10> each way 
~ [ISSO shows the pole figure the res tallized 
mat The principa entations appear to be 
. . ~< those which have the (100) and (111) planes paral 
( co el to the plane and the lirectior 15 
J ~ —- from the rolling direction and the [112] directior 
texture centered at it the entation (100) 
“ 4 1] 15° to the ng direction, and (111) [112] 
J e The 12) [110] component of the cold led tex- 
. ID A / ture does not appear to be present either a ich oF 
tated a the (100) [110 component Thus. it 
~~, a een that the ecryvsta ed text « has one com- 
ponent which w present in the old-1 led texture 
. nd another component derivable from a component 
RO f the cold-rolled texture t rotation of approx 
» mate 15 sbout the 1 malt the ro ng plane 
A Both the deformation and recrystallization sheet 
4 y textures are ve milar to those reported for iror 
ported moivodenun 
A. 
2 Summary 
[™~ l rhe fiber texture is found to be a simple [110] 
CO texture f luctile vanadium in both the cold- 
olled and reervstallized conditior 
é The cold-rolled and recrystallized sheet tex- 
: . tures are presented in the form of pole figures of 
the (110) and (200) plane These data are similar 
to those reported for other 
: meta The cold-rolled sheet 
i by the three ideal orrentatior 
if O}, and (111) [112]. TI 
Fig 2—? 
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Principles of Zone-Melting 


In zone-melting, a small molten zone or zones traverse a long charge 
of alloy or impure metal. Consequences of this manner of freezing are 


examined with respect to solute distribution in the ingot, with particular 
reference to purification and to prevention of segregation. Results are 
expressed in terms of the number, size, and direction of travel of the 


is melted 


| fl a charge of binary solid-solution alloy 
and n ire n rom end 


Such coring, 


me i egrega n where uni- 
formit ir byect. On the othe hand, for certain 

tems, it can be utilized to refine a material by 
concentrating impurities at one end of the ingot 

In the present paper a different manner of freez- 
ing will be examined with respect to the distribu- 


tion of solute in the ingot. A number of procedures 
will be indicated which have in common the traver- 


e of solid alloy by a 


mall molten zone Such methods will be denoted 
by the general term zone-melting, while the process 
terse bed in the preceding paragraph will be called 

’ free It w be shown that, in contrast 
to normal freezing, zone-melting affords wide lati- 
tude in po ble distributions of solute Segregation 
can eithe De ilmost entirely eliminated or t can 
be enhanced » as ft provide 2 h degree of 
eparat of se ite and solvent 

A number of simplifying assumptions will be in- 
voked which, while not entirely realizable in prac- 


de a iitable 


tice, neverthels prov point of de- 
parture f more refined treatments. Moreover, our 
own experience with zone-melting has shown that, 
for certau ysten it least, the analysis hold quite 
wel The present paper W ll be confined to a dis- 
cu on of principle and a general descr ption of 
procedure Comparison with experiment is planned 
{ late publicatior 
Normal Freezing 
Before cor fering zone-melting, segregation dur- 
ng normal freezing will be reviewed briefly. If a 
nder of molten | i illoy made to freeze 
from one end a n Fig there usually will be a 
‘ egating action which will concentrate the olute 
n one or the other end of the ingot. If the constitu- 
ti il diagram ft the vstem like that of Fig. 2, 
then the distribution coefficient | defined as the 
it f the concentration in the solid to that in the 
iid at equilit im, W be le than one and the 


WG PFANN, Member AIME, is associated with Bell Telephone 
Laborotories, Murray Hill, N. J 

Discussion on this paper, TP 3326E, may be sent, 2 copies, to 
AIME by Dec. 1, 1952. Manuscript, Jan. 9, 1952; revised, April 24 
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zones, the initial solute distribution, and the distribution coefficient 


Solidification by normal freezing | schematic 


Fig | 


concentrated in the last regions to 
ing point, then 


solute will be 
treeze If the 
k will be greater than one and the solute will be 
concentrated in the first regions to freeze 

The concentration in the solid as a function of g, 
the fraction which has solidified, can be expressed by 


Olute raises the freez 


the relation 
kC, (1-g)* [1] 
where C. ts the initial solute concentration in the 
melt. Eq 1 is based on the following assumption 
iffusion in the solid is neghgible. 2-—-Diffu- 
ion in the liquid is complete (i.e., concentration in 
the liquid is uniform). constant 
Concentration curves representing eq 1 for k’ 
from 0.01 to 5.0 are plotted in Fig. 3. This equation, 
form or another, has been treated by Gul- 
liver,’ Scheuer,” Hayes and Chipman’ for alloys and 
by McFee’ for NaCl crystal It is derived in Ap- 
pendix I. It should be pointed out that the k which 
is calculated from the phase diagram will be valid 
only in the ideal case for which the stated assump- 
tions are correct. In all actual cases, the effective } 
will be larger than this value for solutes which 
lower the melting point, smaller for solutes which 
raise the melting point, and will probably vary 
during the beginning of the freezing process. For 
simplification it will be assumed that the ideal k i 


in one 


valid 

Zone-Leveling Processes 
of this part are designed to produce 
olute in the in- 


a uniform, or level, distribution of 


got 

Single Pa Consider a rod or charge of alloy 

whose cross-section is constant and whose composi- 

tion, C., is constant, although permissibly varying 

on a microscopic scale.” Such a charge might be a 
t bu the 


rapidly frozen casting or a mixture of crushed or 


molten zone of 


powdered constituent Cause a 
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FRACTION 
f 
as tor @xX- 3 
ample n the Bridgman method of making single 
crystal coring usually occurs, with a resulting 
| 
‘ ; 
ae 


‘ astitutional diagram for a % lute which lowers 


at of the schemot« 


Fig 3-—Curves for normal treezing showing solute concentration im 
solid as function of the traction solidified, calculated trom eq 


tor varrous values of the distribution coetticient 


Fig. 4—Soliditication by zone melting schematic 


Fig. S—Approxmmate concentrations betore and after single pass 
zone melting. Note region of uniform concentration atter zone 


melting 
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‘ 
he 
= 
| 
\ J 
\ 
\ 
\ 
\ \ 4 
Fig \ | 
eg | A 
a 
tant ed to the lenat? 
— \ 
‘ ‘ 
t ( +} thie 
| 
t? i? if the | 
W T. Read and : | 
6 it should be neentratior portior t 1 as in } 
eh While eq 2 and the curve f Fis 
! oi t the e-melt proce that the ne ‘ 
r tween the mean and initia f these assumptior (Of course, fluctuations In + 


Fig 6—Curves for zone melting, showing solute concentration in 
sohd as a function of the zone lengths solidified, calculated 
trom eq 2, tor various k's. Nine zone-lengths are shown 


rod is not at 


at zone-me, 


son point 


then the a 


pu will 


deviation a 


LENGT 


Fig 7—Approxmmate concentrations after a single pass zone 


melting, b reverse zone melting of a 


Fig 8—Repeated pass zone melting of 
curcular charge The final state ts o unm 
form solute concentration im the solid 


equal to i times that in the molten zones 


' 


Fig 9—Zone melting with starting charge, to elimmate 
transition region 
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‘ 
' 
' 
3 
| 
y 
/ . 
/ 
a} / 
\ 
| \ \ 
\ \ / 
| \ 
\ 
\ 
ZONE ENGTHS SOLIDIFIE \ 
or L after C, has been reached will cause change ee ; 
in C.) 
4—-For of about 0.2 or le the i al! 
iniform 
Rererse Pass: It has been shown ting 
fa uniform rod results in two end-regions in which 
C cor lerably from ¢ An improvement i | 
inifermity can be made by re-zone-melting in the + | : 
everse direction, from right to left If C has essen- | — : 
tially attained the value C, at SM in the = { 
first pa as in curve a of Fig. 7, 
tion of solute after the reverse EERE be as i ; 
hown qualitatively in curve b. The 
right w be eliminated; that at the left will be re- 
educed. Even if } verv small, ~0.01, and C, 1 
zone-melting result n substantially uniform com- a 
position in all but the last zone : 
Repeated P If a sufficient number of back- , 
ind-forth passe made in a straight bar, all devia- An alternate mear of achieving the esult ex- : 
tior from a uniform composition can be eliminated pressed Dv eq to arrange the charge in the forn : 
except in the ist zone to freeze In this respect the of a closed ring, a n Fig. 8. and to cause one or more : 
molter ne mav be kened to a weighted drag molten zone to travel around it In the ring 
moved , p . ier to level it. The drag method, if more than one ore used, n eq : 
> } t at low not hould be the im of their lengt? 
Similarlv. the molten zone equalizes points of high Starting Charge: The initial transition region in 
and low concentration in the charge, the action be- ngle-pass zone-melting is a result of the fact that 
! I ti irlv effective {+ mall For a start- the molten zone must travel me distance before ¢ 
ng cha e of mean comp« tion C not a imed accumulate enouegt olute to attain concentration : 
to be uniform, and a charge of total length d, the C/I TI region can be eliminated by arranging : 
final concentration. C,.. of the uniform rod is given the charge to have a concentration C_/k in the first . 
one and C_ in the remainder how n 9 
ah 
( ( [3] 
i} Lil-k) 
The final concentration in the molten zone W ll be Starting Charge into Pure Solvent: It may be 
Ci een from Fig. 6 that the initial transition region j 


Fig | 1—Multiple zone refining, using o straight charge For 
1 the solute becomes concentrated in the end of the 
ingot, at the right 


\\ | tior valid or f ] Derivatior of eqs 4, 5a 


aN nd 5b appear in Appendix III 


Zone -Refining Processes 


t of tt? part have the object of 


about 


ated in the last 


] } concent! 
\ \ rther fi 
\ \ \ tained by cropping the solute-rich tp remelting and 
| \ ' efreezing In principle any lesired degree of puri 
i \ \ * cation can be obtained by a repetition of such ste 


4 Refinement can also be accomplished by zone- 


maeltis A comparison of Fis } and 6 shows that 
Fig urves for rome melting into pure solvent, showing solute {< mall a considerable purification is effected 
acentration m sold as a tunction of the rone lengths by ngle-pa rone-melting, although on the aver- 


for any given 


normal freezir 


idified slculated trom eq 4 for various it le than R 
harge. The particular merit of zone- 


fraction of the ¢ 
‘ f bout O.1 or It efining becomes evident when repeated crystal- 
t ‘ nile-} itior ire desired 3y passing a bar through a 
j \ method of ne-meltu vhict eres of heaters a number of molten zones Cat be 
{ effective wl tance to place made to traverse the « rge in a single operation 
t the re rice f the Each zone pick ip solute on its Way through the 
I t t ! {tr ha e and deposit t at the end of the charge. Thu 


obtained 


scan De 


zones pass through an 


tw three ‘ 
! DOL the entration deere t nitially uniform charge and also the ultimate di 
tributror fte 1 large number of passes The latter 


d 


CUSSE 


mean compo- 


‘ f constant ectiona tion C with no restriction being placed on the 


tant, at ‘ ¢ th lut Assume for purposes of 


‘ t le t Fig 12—Multiple zone refining, using a 
charge in the form of an open ring 
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7 
ATIONARY 
\ MOLTEN ZONES 
| 
| 
\ | 
\ 
\ The proce: 
‘ purifvil a solvent materia o eparating olute 
v i to purify part of an ingot is well known The 
| pro particularly effective where k ts mall and 
: | \ \ \ ™ diffusion in the solid limited. A glance at the 
| 
= 
. | na nele operation, and without resort to the 
19 
( |4 ntermediate te} of cropping Figs. 11 and 12 
trate multiple one-refining for a stra ght and 
the concentration of the charge in th for a circular charge 
t interest t know the distributior of solute 
ntrat 
thie enath / fecreased 
thre i t 
< 
t ‘ If it cle ed \ 
\ 
1 t \ it } ‘ ‘ \ 
f \ 
} 
[ob] | | 2ON | 
\ / 
\ / 
\ \ / 
‘ Tt maw he \ bi 
— 


of a number of 


after each successive single-zone 
passes readily can be obtained by a computation pro 
cedure suggested by R. W. Hamming in which the 


te 


molten vone is assumed to advance in disc! 


of convenient size, say 0.5 zone-length, the concen 


tration frozen out at each step being k times that in 


the zone. The result of such a computation is shown 


in Fig. 1 for three successive passes through an 


k 0.1. Also 


uniform charge, assuming 


shown is the ultimate distribution 
Both 


the repeated-pass methods described earlier in the 


ing and uniformity can be obtained by 


paper, the purification being more effective for small 


k's. The ratio C-/C, in eq 3 may be defined as the 


refinement ratio, R. For a given system R can be 


varied by controlling the fraction of the charge 


whict molten. For example, if } 0.01, d 10, 


then R 0.048 for 0 091 for l l 


Discussion 
icant feature of zone-melt- 


Possibly the most si 


ing is its flexibility charge may be regarded a 


Fig. 13—Solute concentration curves showing the ulti 
mote distribution after multiple zone retining, calculated 
from eq 8, for various 4's 


a medium and the molten zone as a distributor of 
olutes in the medium. Subject to the restriction 
that the concentration freezing out of the molten 


zone is k times that in the zone, and to certain other 


exposition that ess than one. It is instinctively 


restrictions on condition an operator 


n that afte repeated passe in one direction a 


can produce a large variety of useful distributions of 


the tools at his dispo al 


distribution will be reached which cannot be further 


solute in an 


changed (The effect may be likened to piling a . ; 

ven amount of sand against a vertical wall—ther are the arrat he arting charge, am hens 

‘ size, number, and direction of travel of the molten 


zones 


[6] 
NCENTRATION 
Iter one of lengtt to pass through the 


hout changing tt distribution then the con- 
out at 


concentra- 


F(x)da 


The concentra- 


tion which freeze mut at C . from which 


ilated from eq 8 are 


0.1, 


i 10,1 1. the ultimate concentration at a 0 is 
ess than C. by a factor of about 10 Eq 8 is actually . 
in approximation because it cannot apply in the 
ist zone, where normal freezing prevails, and the 
effect of the distribution in the last zone is reflected 
back into the preceding zone However, this effect 


bar 


lent fror nm inspection of Fig th 

evide , “aang Fig. 13 that at Fig. 14—Concentration curves, showing concentration of solute im 
east 14 passes are required to approach the ultimate solid as a function of 4x, the length solidified, after |, 2, and 3 
fistributior successive single-zone posses trom left to right, through an im 


tially uniform charge ten units in length, for unit zone length 


TRANSACTIONS AIME JULY 1952, JOURNAL OF METALS—751 


| 
| | 
ultimate distribution be 
Ifan 
centrat 
any point x must be given by eq 6. The = ‘ 
tion of the liquid in the zone ts - 
l 
l=! 
assuming unit cro ectional area 
z 
F(x) | F(a)da {7} *| | 
The itior feg7 } | 
Cc le [8] 
B CdB | 
plotted in Fig. 13 and it is seen that for mall k's ' | : 

these e extreme teep. F example, if } | os} | : 

| | 
} | 

is small, especially at the pure end of the Hl = 

Since the concentration at the starting end is de- - 
cre ad } ‘ the lor af n each pa FNGT 


Appendix II 
Derivation of Eq 2, after W 


the 


T. Read 


Acknowledgments 


Appendix | 
Derivation of Eq 1} 


Appendix III 
Derivations of Eqs 4, 5a, 5b 
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‘ ‘ ‘ the nning f the nyot i e fou 
t ‘ t pl 1ifve le it Let ¢ ear neent ‘ ‘ ate n ye 
t} te ‘ f ne-leveli and zone-refining ed in unit f ite per unit volume 
t t stior ire ble juantit f ite u ne at 
t tt t ce bed under the sul Advance the ne a tance An increment 
‘ nt Pure S vent t hi ; rh ¢ ‘ 
i that harge v elt ce Fig. 4 The quantit it 
iH the ne trave ( ‘ er it 
= tee int fuced in concentratior ke 
been confined to binary sy where ( the te concentratior n the ter 
est thor wre innece The quantit enter the is ( The net change 
ent lebted to FE. Schumache ( 
| } ‘ oer tant factor nt 
| 
iit ble lebted i ottoar ify ( 
f t Telephone Laboratories for da 
I t n particular to W. T. Read lhe lution of eq A-2 
the mathemat have helped 
. 
ich of the thinki 
ther 
t i ! Assume that du 
‘ there m iiffu nm im the 
plete diffu the liquid. Assume a ‘ Ly} 
‘ € the volu ‘ wehict ha ( 
( ‘ 
‘ wnt of ng in the juid 
‘ int ‘ ite Since C 
the olid at the 
l ‘ 2 
Eq 4. The condit in Aber il 
free dditiona except that all of the lute is in the first zone t the 
therefore Advance the ¢ ar 
Ther 
A 
| | 
| | 
Sine 
ndc 
( Cy 4 
' r 
( l of 
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Technical Note 


Recrystallization Textures in Copper Wire 


at copper wires 
wmation up to 98.7 


secondary 
G BASS! is associated with AB Svenska Metaliverken, Vasteras 


Sweden 
TN 1ISE Manuscript, Feb. 15, 1952 
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texture does not appear if the annealed at 
1000 C before the deformation 
From these two papers it might be concluded that 
2] texture can appear either a rimary o 
as a secondary texture after annealing texture 
formed in a special case depends on previou 
history of the wire robably the texture of the wire 
ior to the last deformation important. To in- 
produced by adequate 
a [100], a [112], 


lll] texture Th Wil then were given a 


vestigate this, wires were 


deformation and annealing to give 


different deform: and were annealed 


which the 


ious temperature textures 


were studied 
Experimental Work 
The yper used was electrolytic tough-pitch (Cu 
99.90 pet and O. 0.04 pet). Three wire 
different initial texture vere mi in the following 
way: The [100] and [112] by drawing a 16 mm rod 


to 1 mm and annealing it 16 hr at 200 C and 2 hr 
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> t 7 
Fy meq A-4 
ka(r)da 
0 
hence 
a Ka(r)da 
d 
eq A da 
From eq A-5 
d 
ula 
aa 
; 
A 6) 
t constant, find the dt (2 
' nee { I ‘ vill result in constant C 
Lat © de nat et ne volume \The solution of eq A-6i 
( onstant A-4 a.¢ 
where 
D 
0 
ECENTLY Wallbaun found 
with different degrees of defe 
pet area reduction recrystallize giving a tex- 
ture while deformation over 98.7 pct give either ; 
001 texture at low temperatures or a [111] 
texture at high temperature Furthermore it was 
{ nd that the io t tion temperature a a 
funct n of deformat t il to 98.7 pet decrease as : 
expected. but increases over that deformation. Wall- 
t ied that the different textures have dif- 
ferent recryst ition temperature The [112] and 
texture has the lowest and [111] the highest. At the SC eS—CSsSCSC“‘CTCCC(és : 
me time Bassi’ found that for high deformation at _ Va) 
(over 99 pet ea reduction) and for an annealing 
temperature of 400 C, the [100] texture first form . 
nd +} ed time the [112] tex- 
at 
L 


Fig we 16h 200 100 
mm wwe ennceled 16 Fig. 2—1 mm wire annealed 2 hr at 400 C [112 
feature No rotation of specimen incident beam 


texture Rotation of specimen incident beam per 
perpendicular to wwe Untiltered copper radio 


pendicular to wire axis Unfiltered copper radia 
thon Specemen etched to 020 mm Distance spec: 
tion Specimen etched to 020 mm. Distance specs 


men tiim 26 mm 
men tiim 26 mm 


Experimental Results 
Up t ‘ 


Fig 3—1 mm wire annealed | hr at 950 C. [111 
texture Rotation of specimen incident beam per 
pendicular to wire axis Unfiltered copper radia 
tion. Specimen etched to 020 mm Distance speci 
men film 26 mm 


Orventation on Recrystallization Texture 
Acknowledgment 
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‘ \ to express ! 
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j 
q 
; \ 4 j 
. 
ithe by drawing a 19 mm ex 
| mon ind anme it 950 C 
/ } t extures f the wire ire shown in Fig 
t ‘ the ‘ vere then drawn with 
t educt nd annealed 1| at \ 
mo The examination of the tex 
xX ‘ of the wire core / \ 
n of 80 pet 
é i {111} textures appear relatively j 
texture } vyever change rather J j 
t entutior 80 pet deforma- \ 
texture ie changed to [111] 
{ wre iraw oOo empera 
‘ 
‘ ‘ l l the n 
‘ entation on the recrystalliza 
t? im be cone ided 
‘ t ition texture depend 
af deformatios 
hi texture cat ' nate from the 
yi texture primary texture as long >The [112] and [111] texture give a single 
P thot not sufficient t ve the 100 {111] texture after a high deformation and anneal- 
} j ‘ then the [100] texture « rate 6—Table I shows that wires with a second last 
: Vit 1 annealing time the [112 annealing at high temperatures, 950°C for the wire 
with the [lil] nitial texture, will re ilt in a highet 
nal wing annealit the ecrvstallization temperature than the wire wit 
: texture, no primary [112] texture the [112] and [100] texture The latter had a low 
‘ ent ' ‘ lary 1121 text econd last annealing temperature rt might ex- 
wey m)) texture tormatior nm exce of 98.7 pct had a higher re- 
vstallization temperature than wires with lowet 
| 
gratitude to AB 
= Svenska Metallverken f permission to publ hh the 
esult He also indebted to B. I. Strom for the 
: translation and helpful discu or and to H. Ohr- 
lund tor a tance with the expe ment 
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HE quantitative study of grain shape in three 

dimensions has been a difficult one from the 
practical standpoint. Experiments on grain shape 
have usually been based on indirect observations of 
two-dimensional metallographic samples or on 
“vrains separated by intergranular corrosion or frac- 
ture. The latter method was used in particular by 
Desch in 
grains which had been separated with mercury. The 
in detail of shape and packing that exists 


1919 in observing the shapes of §-brass 


imilarity 
between bubbles in a soap froth and metal grains 
remarks that: “Surface 
in determining the 


was noted by Desch who 
tension has an important share 
form of the crystal grains in a solidifying metal and 
such grains have a tendency to assume the shape of 
foam cells.” More 
grain shape and grain 
Harker and Parker.” The importance of surface ten- 
sion forces in determining microstructure has been 
discussed by Smith, 
cal rules that apply to such structures has been made 
sJiologists have made valuable 


recently the relation between 


growth has been studied by 
and an analysis of the topologi- 
by the same author. 


contributions to the 
fillor 


form in an assembly of space-filling cells 


general problem of shape and 


ubject to 


surface tension force Particular mention must be 
made of the extensive researches of Lewis on 
botanical and anatomical tissues, and Matzke and 
Nestler, who have made painstaking studies of 


bubble shapes in different kinds of foam. The present 
paper introduces a new method of studying indi- 
a method whict 


vidual grains in particular alloy 


may well find use in other metallurgical researche 
and which seems also to be applicable in biological 


problems 


Metal Grains in Three Dimensions 
The individual grains in a piece of metal or the 
bubbles in a soap froth must 
they must be 
and thei 
surface tension 


atisfv two conditions 
in juxtaposition so as to fill space 
interfaces must conform to the laws of 


If a further restriction is imposed, 
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A Study of Grain Shape in an Aluminum Alloy 


And Other Applications of Stereoscopic Microradiography 


namely, that only one type of polyhedron be used, 


then the sole possibility is an assembly of “minimal” 
tetrakaidecahedra, each polyhedron having eight 
doubly-curved hexagonal faces and six plane quad- 


rilateral faces, the angle between adjacent faces 
being 120 Such cells could be stacked on a body- 
centered cubic lattice and would be stable 
For many years it was believed that soap bubble 
ed the shape of this ideal body, and 
was the starting point for several in- 


oap bubbl 


quite 


actually posse 
the hypothes 


vestigations on the shapes of , biological 


cells, and metal grains. These investigations have 
shown, what might have been obvious in the be- 
sinning, that if the condition of symmetry is relaxed 
the tetrakaidecahedron is almost never found. If we 
retain only the rule that all contacts should be in 
local irface tension equilibrium and that the 
assembly should fill space, metal grains may then 
take a nearly infinite variety of hape and no single 
one may be regarded as an archetype. These two 


conditions, which are fully discussed in one of the 


previously mentioned pape to think of a 


having the 


lead u 
typical grain in an annealed metal a 
following characteristics 

1—A grain may have any number of face but 
usually between nine and eighteen. The face 
of which ts, of course, shared by two grains 
have any 


(each 
in the 
number of edges, but 

Pentagons are by far 


assembly) may 
usually between four and six 
the most frequent 

2—In the assembly of grair hared 
by three faces and by three grain Each vertex i 
shared by four grains, six face 


each edge 


a point and four 
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Drawing by Barrett 
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t ‘ rn t fs thor f the second phase The can be 
‘ j ' equate na t led na anne ed cau have il POLS 
ip? t rie juite ipidiy during the last few yea! ind it 
3 ‘ between 180 i 60 now pe ble even to study segregation in the brasse 
3 ' ticle t mn cornet! vith the proper choice of radiation A valuable re 
4 ‘ be ‘ cusses the variable nvolved ich as focal spot 
ant ‘a to the photographic emulsion used 
Stereoscopic principle eem not to have beer 
i pt vul t prey i applied in the field of n adiographys 
the pre i mentioned iit? igh have beet icce fully apphed 
? the tribution f a mu many fields in science In the medical and dental! 
t} t ‘ ti: nad tield manv branche of industry, and in aeria 
he t hig the irveving tereoscopi photograpt! at ordinary 
miplete magnification ire standard. In electron microscopy 
tereoscopic View e commonplace ling the 
\ three-dimensiona hape of particle ind also lend 
\ c contou eplica The iles of steret 
4 . 
\ : pv are just as easily applhed to microradiograpny 
a“ 
the present studies the expe mental a inge- 
‘ from a tungsten target w lirected at the specimer 
- hehind the pecimer Tw microradiograpl were 
taker f each pecimet thy pecimen and plate be- 
A tated th iwh an angle of 4° to between the 
= 4 - 7 \ two exp ire In the bsence of a tube with a fine 
7 
t nd the tube ope ited at 50 ky 20 n 
‘ tin iy end nis +) 
na the pecime#r t ption, but also upor 
pet Sn att ng 
45 volume oct liquid Us i of phot iphic plate used. The two most 
SO oOduc tron itistactory types of plate are Eastman-Kodak 649-0, 
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Table |. Analysis of Grain Shapes 


(ode Neo Nuamber of Faces with Sides 


Arbitrary 
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= Fig. 3b 
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Fig Camera lucida 
drawings grains 
Arrows indicate abnormal 
vertices xs Area re 
duced approxmately 60 pct 


for reproduction 


Fig 5— Camera lucida 
drawings of 25 graims 
Arrows imdicate abnormal 
vertices x50 Area re 
duced approxmmately 60 pct 


tor reproduction 
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Preparation of Polycrystalline Al-Sn Alloy 


‘ har 


t cir 
i ‘ a pe, a spe t 


Fig. 6—Approximate distribution of gram sizes in the sample 
shown in Fig 3 
otograpt 


chosen could 


Analysis of Grain Shapes in the Alloy 


( ilmo ‘ il 


OF 


Fig. 7—Frequency of various polygonal faces in the Al Sn alloy 
compared with those in soap froth, in vegetable cells and in + brass 
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oo ed up to X700 nd Eastmar - 4 
lak 54 which be enlarged X400 before 
+} bye me hiectional 
649-0 plat nd 30 min f 
, mt 
+ ) plate Kod D.19 contrast developer wa : 
ed f both k j f 1 te deve pment by u : 
Each of 1 id pl btained in tt 
\ ed na p! t phed u a meta z 
} 
» with transmitted light. and t! } 
P rgements viewed ere cope i 
WA 
I I i i i i 
St oy (nominally 5.2 wt pet or 1.2 atomic pet Sn) 42 
j rie ‘ t BO ¢ | 
vas cu ed annealed at 5 
6 nd ienched. F idiograp! the sample 
\ then sectioned and abraded down to a thick 
mm, the fir h be on 4/0 emery 
‘ ive pe ‘ il the shape of every grain it e volu 
Met ipl examination (F 2) showed, as al ho a vn with certainty The tf t 50 of the grain the 
ted. that the nee suid tin phase was cor shown tn 4 and 5. and illustrate the 
ent ted t t i t corre et of shape and recorded Stereoscopi 
" n three dimensions) of draws of tw are hown lat 
na that the dihedral ar ‘ va omewhat le thar ct 9 and 10) 
Ho Some tin wa n discrete pherical partici The complet ecord of it hape for the 4) : 
the center of the ns, and other particles or air : ven in Table I, which shows for each 
hace pe ed t er haped the combination of face the number of 
The pecimet ‘ adiographed as described ind the approximate , The ain e was ol 
have and enli ements of the radiographs made at tained in the followis War A series of steel bal 
X30. The ste par f phot inving in diameter in in. steps from 4s to 1 in., » 
the } ‘ ‘ examined ver n Fis a and t vas compared with each grain in the enlarged three 7 
| 
rhe view of these In a litable teres ope ict jimetr onal image of the tereoscope, and that ball 7 
ss th e found in medi idiography illa elected which matched most closely the apparent : 
tror mmended for the structure per , f th n being examined. More ; 
tacu on . photograpt for use in a hand exact Measurement of maximum and minimum grain 7 
te com ‘ ite nw papel liamete would have been po ble from the three 
jimensional images but wi not deemed necessary 
~ the present purpost rhe gra ze was de 
t ‘ t ‘ ‘ 
‘ T ‘ ebted t H i W 
by the tin-rict juid phase wa o unn Brest Ne 
takable that it was ble to make an analy of this te yur te 
ge fraction of the ¢ n the sample shown = 
Ry th f ime iwcida or by 
nated A for a grain inte rmediate ize with a 
the | ina a nd a in. ball. B for a grain size between ‘4 and 
iphic appa i 1 araw n. and on to G with a grain e between ‘s 
nt nm the mr nd an 
nd lou An attempt was made to match actual 
on +) hie alr idied 
‘ mit ed almost al the complete f il! now! T 
| but omitted tl e of which part was cut off 
i the irface The grair inalvzed therefore . 
occupied at egula haped v ime ittened 
nr to the plane ol he photog i} we 
nd , transverse to the « nal direction of ‘ 
\ 
let matior Care Was taken to Include / 
eve n the volume In the examination of / 
these air metimes happened that a corn \ 
the nomt of interest Wa ybscu ed by anothe 4 
corne edge immediately above it and in orelet 
\ 
\ 
wiew fron iifferent tandpe nt wa \ 
oi That f one stereoscopic view made uy 
i a 2 
€ turn mis ry} taken with the plane of the ‘ ‘ 
necimert t angle of 0 nd 6° to the X-ray beam : 
made t mibinit the ¢ hot ph with a tt 
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8 Stereoscopic radiograph of a soap froth Stereo Departure from Ideal Surface Tension Array 


a sample : pi n which has been 


gh temperature to 

ze and the averag 
i be expected that 

a junctior 
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with normal three Fig | Stereoscopic drawings of grains with abnormal corners 
tor reproduction X90 Area reduced approxmmately 60 pct tor reproduction 
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= 
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b—500 C. Dihedral angle 45 , 25 volume pct liquid 


c-—-600 C Dihedral angle 10 , 7.3 volume pct liquid d—640 C. Dihedral angle 0 , 38 volume pct liquid 


Fig 11—Stereoscopic microradiographs of Al-Sn alloy (5.2 wt pct Sn) quenched after annealing 16 hr at various tempera 
tures Stereo angle 4 Specimens | mm thick X25 
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o—350 C Dihedrat angle 55 , 2.2 volume pet liquid 


Stereoscopre microradiograph of Al Sn alloy as 
{ rolled to 66 pct reduction Stereo angle 4 


Grau Face Shapes and Average Topologic« 


C horacterimstics 
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Fig 3. wie 
‘ rt equation apphes t with only three 
whict 9] examined tisfy th equation. Howeve 
ertes not lable Il shows the total nd frequet ‘ 
hedror » The quantity P/! 
numbe f polvgor ind B the number of | lic 
the thre< or initv when thy 
nad (6 ) thy ler ture f the 
nd rm Tr value f P/l C/B) n tt 
JOURNAL METALS JULY 1952 TRANSACTIONS AIME 


Some Other Applications of Stereomicroradiography 


References 


S 


AIME 1948 


7 


or Metal 


TRANSACTIONS AIME 1952, JOURNAL OF METALS—765 


‘ +} e that nnt three a) small observed 4 pet} at whict the number of meeting 
‘ ‘ lefinit 1, 4%, f m that of the typical tetrahedra 
t ot t it t iitims t bua ‘ face ter 
Othe example of tereon fiographyv are 
leformatior The authe beheve that stereomucre 
f the Al-Sr , y (5.2 pct Sn) used f the maur iad apt A find increasing pplication in met : 
‘ the of the third 4 
' t ter ' As the nne ' tempe dimer n adds er mously to the ease of unde *. 
ture t H40 the dihe the true structure of a meta 
Cc. H. De The Solidification of Metals from th 
effect on throo.dimer nal n Liquid Sta Inst M | 1919) 22, pp. 241 
m im the ire \ ‘ D. Harker and E. Parker: Grain Shape and Grait 
‘ j bus ‘ ‘ thie t G Tr ASM 145 | PI 156 195 
than the average, there Smith: Phases and Interface An Ir 
odue net fu enetrated | the yuid As the 175, pp. 1 1. Metats Tecunotocy (June 
ter ture increase ire ce Smith: The Shape of Metal vith Some 
euted thre iid pt ‘ mre Other Metallurg i Apr thor f Topolog fand 
f +) i i n Interface October 1951 
ASM 
inded ut FT. Lew The il Shape of P edral Cell 
‘ which j ind then ihe cor tab nob nd the Restorat n of that 
> thy na t ince on or ne F wing Cell D Py Amet Acadet 
ie ent thre mer innealed at f Art and Serenee pp ] 
ti4 ( i} ) The f id trapped ir I Lew The Analovou shape of Cel nad 
ent the transparent “bubble Bubble P Amer. f Arts and Science 
t ) toof the \ ime the cor 1949) 73. pp. 147-18¢ 
‘ ‘ E. B. Matzke: The Three-Dimensional Shape of 
Bubbles in Foam—An Anal the Role of Surface 
i ave } Fores n Three-Dimetr nal Cell Shape Determina 
There ‘ ‘ white the phot ip? Aner i J Bot 33. No. 
be the 1id between the grains has beet 8 
mply by gravity E. B. Matzke and J. Nestler: Volume-Shape Rela 
I lo shows t? n \l-Sr oy that wi ised tionships in Variant Foar \ Further Study of the 
‘ the hape expe ment dese hed above Role f Surface Force it Three-D ensional Cell 
but i ed to 6f t reduction in area afte t Shape Determinatior Lrver Jour f Botany : 
een ant ed at distorted shape of 1946) 33, No 2, pp. 130-144 
‘ } , ‘ ‘ ble. Bv a sequence of suct Lord Kelvin. On the D n of Space with Mu : 
t different reductior t possible to mum Partitional Area Pi phical Mag ne 1887 
K. K. Ikeuve and CS Smith. Studies of Interface ha 
: Energies in Some Aluminu ind Copper Alloys. Tran 
the penet f or ireas could be fol October 1949 
ed. The addition of the third dimension, as we H. K. Hardy, E. A. Liddiard, J. Y. Higgs, and J..W 
the fact that the new tech jue nondestructive Cuthbertsor Improved Aluminur Beart Al-Sr 
eat I tate r nv Kinds of studi It may and Al-Sn-Cu All Met Progre 1951) 60, N ” 
en 4 ve f it n t wieal investigatior 4, pp. 97-1 : 
here. by the hoice of liation. aggregate G. L. Clark and S. Technique and Appl 
fon n bye tudied more convementls f Industs il Microradiograpt Industria and 
Engineering Che try Anal. Ed 1942) 14, No & 
676-683 
S Maddigar Microradiography Industri 
Summary id A idiog 
R graphy (1946) 4, No. 4, pp. 22-25 
tere 1K ip? the nhape Salkovit Microrad rapt R itine 
91 cont ked and annealed X-ray Equipment Met Progre 1946) 50. No. 5 
Al-S have been ar ed and some topolos pp. 1091-1096 
ntities calculated. The alloy was selected J. G. Kura, L. W. Eastw ind J. R. Doig: Micrs 
‘ i f the of tv of tin to X-rays and because radiograpt Applied to Leaded Copper-Base Alloy 
the en f its interface with aluminum crystal } iry (1951) 79, No. 9, pp. 90-91 ; 
ise tt pread alor the edges of every gra A. Taylor: Intense Gallium X-rays for Microrad 
j ' Inlineate it cle The rain shapes are grapt ind Diffraction Investigation Nature 1951 
talline mots 168, No. 4272, pp. 471-472 
1 e it hown that the G. A. Home and J. Gouzou: Les ressources le la 
sdiographie dar les probleme metallurgique 
. . p out Re e Met rgie 1951) 48, pp. 251-261 
ses R. D. Heidenreich and L. A. Mathewson: Electror 
f t ne determine the structure The average Mics opic Determination of Surface Elevations and 
} 248 face ind the verage face ha 02 Orientatios lour Applied Phwsic 1944 15 
A sma but gnificant fraction of corner N », pp. 423-435 


Titanium-Copper Binary Phase Diagram 


with Mechanical Section, Design 
and N J 


with the Dept of 


In Wilmington 
AIME. are 

+ Technology, Cambridge, Mass 
may be sent, 2 copies, to AIME 
Philadelphia Meeting 

thesis by Jowkamen submitted 


+ the degree of Metallurgical 


hrology 


JOURNAL OF METAL 


Fig 
The 


|-Typical thermal analysis cooling curves for Ti-Cu alloys 
percentage of copper im cach alloy ws indicated at the top 


t ‘ t ‘ ind 
{Ww letermined the 
Lave i | 
‘ mpoound cde 
4 rit ed } mit ind 
‘ t ‘ and 1 cor 
‘ ' t t t formatior phere n water-cooled copper crucible The high 
‘ ‘ ted t purity iodide titanium alle were prepared by melt- 
titer three cCompositior along with a pecimen of 
ina ved titar in na nele charac A multiple 
; ‘ wible wa ised which con ted of a copper plate 
Experimental Procedure with four cup-like depressions. The unalloyed tita- 
thor the nium was melted t and acted as a getter for any 
t es nat nd X <vgen and nitrogen in the melting chamber. Since 
: t t t Proc \ tandard specimen was an index of the highest prob 
‘ ‘ Lhe } ible ntamination of the allov mie 
edt t The ponge titanium alloy melt weighed fron 
tit eited 100 to 200 each and the redide titaniun melts fron 
? 2) to 25 g. I der to insure greater homogeneity 
i t the i we t melted t ‘ ned and remelte i 
‘ in atmos- tw ‘ The arger buttor made fron ponge tita- 
’ nium were sectioned or crushed before remelting 
A OUKAINEN associated These a \ ip t (0 pet Cu were furthe homo- 
Dept ty Pont de Nemours 
1 ed by forging at 925 ¢ They fe ged readily uj 
GRANT and F FLOE Memt i 
Metalluray M tes Institut Cu bul nume is crack were tTorme 
Discussion on this paper, TP 32 the containing from 20 t 0 pet. Above 30 pet 
by M pt. De Cua the nee titanium ales vere homoge zea DV 
Oct by ) hie tur f at iv er irified heli in 
This pope presents port of o Su i the lide-grade titanium alloys contain- 
; Engineer to Massachusetts Institute a ®4 hr and all others at 880°C for 200 h 
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Fig 2—Ti Cu phase diagram trom 0 to 50 pct Cu Alloys 
made from Process A sponge titanium and oxygen tree copper w 


Fig Cu phase diagram trom 50 to 100 pct Cu Alloys 
made trom Process A sponge titanium and oxygen free copper 


then heated 


aimeo 


009 to 0.023 f i with ref \ avu only a smi 


and thermo 


Fig 4—Microstructure of a hypereutectoid alloy 485 pct Fig. 5—Microstructure of a hypereutectoid alloy 145 pct 
Cu’ consisting of primary « and a eutectoid of « and Ti Cu Cu consisting of primary T: Cu and a eutectoid of « and 
Alloy homogenized at 900 C, slowly cooled to 750 C, held T: Cu Alloy homogenized at 900 C. slowly cooled to 750 C 
25 hr, and brine quenched X100 held 25 hr, and brine quenched X10( 
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Analyse for coppe on the homogenized allov ee 
howed that the nominal compe tion Wa alway ; 
obtained within le than 1 pet. Some of the forged in evacuated Vycor tube These were Ii izzy - 
allov were ulso checked f rit ven by we na i t i 
ysis and showed values varying fon |) 
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| } +} tem t could 
reat? nt of A metallo iphic ex- couple n this way specimen temperature ou 
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aminatior ind X i\ ina pecimet of the 
homoget d or vere heated at wari tem- plished by withdrawing the tube and breaking it a 
ble te letermine phase present t various ten pecime4r were prepared metalio iphic exam 
perature The sponge titaniun vs were heated nation t tandard method Allovs containi ip 
na tube furnace « t ed t *10 C usu “a pre to 60 pet Cu were etched wit! yueou itions of * 
fed helium atn here educe contamina- hydrofluoric acid and nitric acid. higher copper 
tion the coadure f evacuatit t 10 mm of mer- the t tisfact Na olution of 
na m pet hvdrofluorie acid added t tion of 2 of 
lide tifos n f phuric acid, and 100 f wate 
was accomplished by first sealing the specimens off X-Ray Analy X-ray diffraction patterns were i 


Fig 7—-Microstructure of alloy comtaiming 56 pet Cu 


40 pct Cu Large 
Homogenized at 


t a second phase plus small amounts of a second phase 
snd brine quenched X 106 5 C tor 200 hr and brine quenched X10 


— 


Fig 9—Microstructure of alloy contaming 802 pet Cu 
Light grains of TiCu. plus small amounts of ao second phase 
Homogenized at 554 C tor 200 hr and brine que nched X100 
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Experimental Results 
‘ ‘ : S e Tit Base A \ were made 
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, ‘ le in Fig \ few iodide titanium speci- 
mer neluded. The structure ndicated 
Jetern an hamogvgenized samples by bott 
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Fig. 11—Eutectic structure of an alloy containing 497 pct Cu 
Small amounts of primary Ti Cu plus eutectic of Ti Cu and 
TiCu X100 


Fig 10—X ray patterns of alloys at approximate composition of 40 
pet Cu (Ti Cu’, 57 pet Cu 665 pet Cu TiCu 80 pct 
Cu TiCu., and 98 pet Cu ‘« Cu. Specimens homogenized 200 
hr ot 850 C and brine quenched 


Fig. 12—« solid solubility and eutectoid region on the 
high titanium side of the T:-Cu phase diagram as de 
termined with sodide titanium alloys 
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| | 7 
ture re ts from the peritectic reaction which occu 
; 
\ j\_- juring freezing of the compound and persists even 
ufter a nele phase eauched 
d Mu graphs of structures that consist almost en- 
9 X-ray pattern for the fou compound are 
2 hown in Fig. 10 
The ysten ha two one at pct Cu 
and one at 72 pet Cu A tructure for the 
* tO a owly cooled 50 pet alloy hown in Fig. 11 
\ Metallographic examination of the thermal anal 
} Alpha ©u Vsi pecimer made after a il howed nonequl- 
“a a briun tructure for all specimer n which peri 
| tectic reactior were involved \ a re ilt of the 

were frequently formed in alloys outside of the ' 
eutectic range. This resulted in points on the cooliu ‘ 
curve Fix 1. which would ot have been present ' 
inder equilibrium conditior 

y 
the most drastic quenching of olid solutions re- ° 
ted in producing a ipo aturated acicula Struc- a 
ture DV i martetr tic tv pe eaction. Reheating of ee 
ch structures below the eutectoid allowed Ti,Cu 
to form, and a pecimens up to 40 pet Cu (TiCu) —*5 
treated in th manner gave X-ray patterns com- - / 7 i = 
posed of lines for both a and Ti,Cu jaa ; 
I j ntermetallic compounds were found in the / ra 
ter ricu, TiCu, TiCu, and TiCu, Difficulty 
fae 

vas experienced in obtaining ngle-phase structure | 

the a f stoichiometric compe tion even after 

t i nt tre atr ent tor ii: con it a 
except TiCu. The TiCu, compound in particula 
wat howed a duplex metallograph« tructure 
even U ih X-ray ana howed the presence of 
one A al checn «at a fT i ce ipie Wa 
made using jide titanium and high purity coppet 
The assembly was heated at 545 C fe 14 days in 
an evacuated Vycor tube followed by brine quench- 
ng. Metallographic examination showed the pres- 
nee of four intermetallic compounds in addition to pose ee 
the two terminal solid solutior Sectioning through 

the TiCu egior evealed a single phase which 

gave an X-ray pattern identical to that obtained for : 

specimen The conclusion ts that the duplex struc- : 


‘ 
structure 26 pct Cu alloy formed Fig 14-—Microstructure of a 26 pct Cu alloy formed by 


tield x50 quenching trom the field 850 C Primary plus 
martensite 


Fig 16-—T: Cu binary phase diagram 
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, rate of the decomposition of austenite in the alloying element is Known to decrease the rate of . 
eutectoid steels, forming only pearlite, may be formation of pearlite, apart from a few scattering a 
expressed fundamentally in terms of the rate of jata reported earlier’ for steels containing manga- : 
nucleation and the 
rt matter ha 
vea (The ba 
eferences of pa { 
De LIVEN sepa 
Systematte dat)? 
bor eutectoid steel 
factors affecting the rate of 1 
plain carbon steels have pre ' 
thev cannot a vet be eva 
several omew hat fu 
have been made to calculate t? 
In the itter Case the important 
the edgewise growth of pearlite have mmssumed high frequency luction furnace. The fe molyt ; 
to be l the interlamellar spacing; 2—the concen- denum was added to the melted steel, followed in 5 ; 
tration extreme and concentration contours of car- min by 0.08 pet Al. The ingot as-cast measured 2 ix 
bon in austenit n front of the growing pearlit S'yx10 in t was hot-forged HI to a bar ; 
nterface; and the rate of diffusion of carbon in 1 in. sq ; 
uustenite.” 
he Fe-Fe 
The onlv systemat 
there are = 


Table 1V. Composition of Fe C Ni Steels 


Characteristics of the Systems 


Experimental 


Methods 


Mo Steels 
Ni Steels 
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Tot mposition of Fe-C-Mo Steels 
‘ " Me ‘ Mo Ne Heat Neo si ‘ Mo 
‘ 204 2 
‘ 29 22 
‘ t tery ‘ t t le 
reve to be important 
t tir the thie irve exci 
res mn tvpe 
+ 
—— } ( i; foont nit 
Tot me tron of Fe C Mn Mo Steel rie’st ‘ ) have tent vided 
ibundance bv the ¢ u Mi } 
ker on t dict ce th re te act nt 
‘ tirme nad te mewhat ? her tempe ture 
When the percentage f me bdenun 
’ esate than O50. the pe te eaction exhibit t 
wn knee, Le, there temperature at which the 
? eos on te of re tior maximun The pe e reactior 
not with 04579 oct M bdenun nfluence the 
+} netitutiorn to af mation of bainite t much le ‘ levret 
at the ‘ il tha pea te The ternary phase dia im 
thie ‘ The Nl mplex tor ou purpose we need 
Signs ' mere note that the pearlite f med in alloy 
j etre ‘ thy ‘ Me comt ed Fe ar i Fe 
' i mn these dia with d ved n bdenum). while in a vs con- 
' +} fier to he tainit " e than 0.50 pet Mo the pearlte con 
t} t t emt ed we entered ibu tructure ind ‘ imably ot 
ttot ‘ ‘ euter the my tion (Fe Mo).C It known that 
+) espe muct 1] pet Mo n j ve hombre 
‘ fu hawt ect « ind that the cente 1 cut cart le (Fe 
thie \ whed the VWio)C. may ttle 41 Mo and 
ict i i? ‘ ‘ ‘ 
med } oference n this ibject) 
ew Hi ‘ iti Tt ten ved wert 
wi t po bie a bu n of moiyvbdae i ‘ i 
‘ Heat’ ‘ Mo 
(ede Neo “i ‘ Mr si r 
- 
172 


Fig. la—Specimen partly reacted without previous homogen Fig Ib—Same steel reacted after homogenization Picral 


izotion. Picral etch. X50 etch X50 


Determination of G 


ad are ‘ 


| 

i Fig. 3—Eftect of austenitizing on (; for several of the 
steels used Abscissa Steels are, left to right, code 


Fig 2—Interlamellar spacing of pearlite numbers 31,1, 2, 3 Tables Ill and Temperature 
as influenced by molybdenum 875 C tor 31, 1200 C for rest 
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the nadie the cor t bution Curve btained et The iit oft “ 
t tior t A iid be yuare wave wit? the ca illutior of true pac are ver n Fu 
vavelength ¢ to the observed band width, and 2. At higher molybdenun ntents and ver ten 
cent ted ir f of a cvcle perature the iit Were to struc 
1 thy ky value f the iitfusior tural degenera and are not tted It wa 
alc thon showed erved that molvbdenun ‘ ‘ the variability 
that G0} t 0) C would reduce the molybdenun S. even more than it affects the average value of 5 
lient t ‘ iw below that which was deemed (cf. ref. 6). The effect of nicke nS. has been re 7 
mportant +} } OV were nits ported 
phere wa nit er The effectiven ot The methods employcE used ea Ir 
th treatment hown in Fig. la and t De- a series of identical specimet partially reacted i 
ppreciat thickne The molybdenum steels fron f the largest pearlite nodule in each specimen, pre 
the work of Blanchard et had been homogenized imably that nodule which nucleated first, wa 
it 1200 Cf Wt nd were apparently free fron taken, These diameters plotted against time gave j 
mportant heterogeneit Phe nicke tee wer traight line, the slope of whict G. In plain carbor : 
t treated, but emploving a temperature of eutectoid ste G wi found to be insensitive te : 
250 ¢ nstead ce me burning wcurred at sustenitizing time nd temperature ‘ was not 
UU tructure ersitive not t be expected in 
jeter? t f ellar Spacing: The a y ster for the occurrence of und ved cut 
‘ iluated wa that ems ed previousty n wt presumably increase the ie Of trom the true 
by tors Apr ent spacing value (those ot ow value, the effect of the alloving element not d ” 
erved on the irface fi h) were obtained at olved in the austenite n G havi been lost. To 5 
200 dian pecimer eacted othermalls ising appraise tl po t (; Wa determined a u 
n meter eveplece The number of plate per functor the degree of austenitizir The result 
eniece dys rrie ired at 100 to 200 rar re n Fu the are of Dr 
og pom nd the data were cor jered ample where D the diffusion coefficient of nm bdenun oe 
when further me irements did not alter the dis- (or nickel) if Fe and ¢t the time rt product : 
hould be a measure of the effectivene of auster : 
tizing (carbon diffuses ve much more rapidly than : 
f T T T T rv) the alloving elements). The ordinate values are the 
itios of the observed G value to the final value 
| For the purpose of tt liagram the final value : 
| designated as G —the final values used subsequently hi 
will be designated simply by the symbol G. The 
: 
. 
“i 


4 


pet M 7 gct Mn) reacted at 700 C 


Area reduced approximately 75 pct tor re 


Determination of N 


Experimental Results 


Table Vi Rate Edgewise to Sidewrse Growth of Pearlite 
Molybdenum Stee! 


Temperature, 
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4 4 
x Area reduced approximately 75 pet tor Pcrol etch 2000 
production 
t Int It } P ‘ time that the te of 
7 t thod eases with d ein G, Figs. 8 and 9 give tt 
Stee Me. Pet Katio 


Rodus 


Nogue 


Fig 7--Plot of nodule radws ws which shows a long 


Relationship between edgewrse and sidewsse growth Mayor 
cubation” period Molybdenum stee! 


Fig 6 
always lengthwise of the pearlite plates Molybdenum 


aun wos 


steel! 16, Table VI 


Fig 8—Plot of “imcubation” period as a function 


molybdenum steels 


Rate 


of Nucleation, N 
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both reacted at 600°C. The LP 
thy tone ected at the | 
i i I ia 
tempe ture Cr rhe ‘ 
expe t 1 « 
ild be manifest in the therma 
. 
tior te Ome et f oft te wit? 
‘ ted at 625 C \ t et istenitized at 
le ‘ i ‘ tor 
9 +} ‘ te ry the tte ‘ ox 
the lerence not eat nad the ¢ Al, we for the 
\t the eptior f the nple ot functior f temps ture Except f the 
i ¢ m B j Car ‘ thy ‘Nn the effect 
na t et rrie tt f nicke ‘ ila ce ‘ (; evident 
tuck nd the nitude f the ution me kind ‘ baat the ‘ ‘ ead 
with rite t ement ft ‘ m the \ ie nter ted and 
t th rie ‘ mie ‘ these ‘ iit thy th, etre ‘ ve 
The G btarmed int of the tter curve to be disregarded) 
element t thes« ‘ ided the « ‘ The wos of N. fe n bale im btained 
‘ the effect fy } diy thy ‘ ‘ N (determined 
‘ t ze ‘ t t clement e taker from the ? f-reaction time ! the value of G om 
fror the bon eutect i bove) t the face eu plotted in 
bon m «te the me mat (of ef 2) Stes nd CL, 2 bot mtain 0.15 
ntent neerned. It will be ot Me ten H+ pet Mr nd stee! CL 2 ha 
noted that the net ton tm ent pet Mr tan and Cl y com 
‘ ht ‘ except the ble But it w ed that the comparable 
bole i ter ‘ ted at 625 nd 600 ¢ tated jo not ve wood eoement ndeed the curve 
ifferent t} ‘ t ‘ } ect rad f \ f« ain carbon eutect 1 ster the 
$<} the slue f at different tempe imat me steeln proce ible 
‘ bdenun ters ‘ nad ed e here tars nd made ry the Naat 
‘ the « ‘ \ comt } ry thy me time fand in the expected ‘ tionshiy 
merce the are ‘ € with N ‘ funth the } re ent e of 
A ‘ led). F 15 thy wm true for the Blanct 1 CL 2 and Cl 
‘ forent ‘ ’ ’ } } ton? the effect fy iy it must be 
lenun ntent nd 0.77 the od ‘ con ible tang The dat 
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lybdenum steels 
Fig 13--Rates of growth os o tunction of composition at several 


temperotures tor all the steels studied 


and 3! compared Fig 


t temperature 
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Fig 14 of growth tor stech of growth of four molybdenum steels as a function 
treatment th f icleation thes Qu The measured \ ies Of Cr are mewhat more re - 
tat th er f } i decrease the ponsive t tud These v ies mav be determined _— 
f the oct hance thor with much pre« thev are set tive to austenitiz 
it th mi tion of the riginal sustenit le on G than \ mn qualitative 
j t know? nd“ be difficult to learn) weord with experience with plain carbor 
tit lat the inclinatior to i ire tee Austenit ng times a hort as 5 min at Bro ¢ 
‘ ry ‘ +) twice that btarned ifte mir it 1200 C Nickel 
root ont nicke the ‘ are nver austenit tirne than molvt 
the tenite the ant nda lenun tos perhat eflect the we rate of 
the G irface n effect). where nu iffusior nicks n austenite 
t et ‘ kr vn, ! can it be eadils G value are constant with time, Fis ij and 10 
ont thy ‘ ‘ ‘ the ettect nt ¢ ten which ue that 
f t? om ore KI wr int ten alse teadv tate proce 
+} ‘ er ‘ emedied. furthe peculatior The etfect of a \ ipon ve reat nn yt 
rhe f the principk , ind in. nicke ten though not 
exter ve leve ped ent we bevond experimental error, F 12 to 
te expe mentatior hould te the diffusion coefficient oft 
; fort ‘ n interface energie B. H. Alex these element n austenite, but paralle the cu ; 
t ‘ t Measurement bide-formir tenden Fis combine ‘ 
the } t of transformatior flected | us ilt ind i ides earlier approximate data on the 
‘ ‘ ry ximate free effect f manganese It how the effect of 
slated. much Fem ha mar nese kel tee the two curve 
me irements or D ind D6 (containing nickel and 0.46 pct 
nstitute a f test of the Mn) and the mbpler kel steel are parallel, manga 
that tw ‘ the DulkK free energy of! rest lepre ng G by the ime imount (on 
¢ na ‘ ‘ \ plot) f all nickel content T the 
‘ ‘ with the ‘ ilt f increasing G imean inta bserved for 0.46 pet Mr dir 


17—Retes of growth of nickel steels Values are by 
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polation from Fig 16 Steel J is high purity Fe C steel 
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as a tunction of nickel con 


Fig 2 function 
method of Scheil 
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vs tume. by Scheil’s method, for nickel steels at 625 


Fig 23-—N_ vs time, by Scheils method 
tor mckel steels at 650 C 
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ich more 
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The problem of calculating G very difficult in 
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First Metals Branch Meeting in Pacific Northwest 
May 8, 9, 10 A Huge Success — EMD, IMD, ISD Participate 


The planning committee of the Pacific Northwest Conference at Seattle, met on 


the first day of the three day session to lay the plans which guided the aftaw 
through to a conclusion with ao minimum of fuss They are trom the left, gong 
clockwise, W S Peterson, E Kirkendall G H Waterman F R Morral RR 
McNaughton, H P Sherman, R E OBrien W W Staley R G Vervaeke LC 
Richards. and A O Bartell 
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Conterces visited Kaiser Aluminum’s div 
of metallurgical research during one of 
the treld trips which highlighted the mect 
ing They sow various fatigue tests run 
m the laboratory 


closer than 
promi 


J Murphy, of Kaiser Aluminum's div of IMD Fall Meeting 
metallurgical research explained some of . 

the various types of finishes administered Hotel Quota Filled 
to aluminum to conferees who toured the wad bins 


plant 
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RESEARCH IN PROGRESS 


Research personnel are reminded of the Institute of Metals Div. Research in 
Progress session planned for Monday afternoon Oct 20, 1952 during the Foll 
Meeting in Philadelphia. Abstracts of proposed papers not exceeding 200 words 
in y are to Be submited to Institue headquarters prior to Aug 15, 1952, for 
nclusion in the October issue of JOURNAL OF METALS. Abstracts not received 
im time tor publication in the October issue may, nevertheless 
received prior to Sept 15. 19 


Committee 


be presented if 
2, according to J. H. Scaft of the IMD Program 
The Program Committee urges those interested to avail themselves of the oppor 


tunity of participation in this program in order that new research information be 
presented for discussion 
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--- and another 


Smelter is on its way 


One of three self-boking electrodes for a 
ferromanganese smelting furnace on 
Lectromelt’s erection floor; testing is com 
pleted and ready for shipment 


Manufactured in CANADA: Lectromelt Furnaces of Canaca, Lid, Toronto 2... ENGLAND 

Biriec, Ltd, Birmingham AUSTRALIA. Birlec, Ltd, Sydney FRANCE: Stein et Roubaix, 

Poris BELGIUM: S A. Beige Stein ef Roubaix. Bressoux liege SPAIN. General Electrica 
Espanola, Bilbao ITALY: Forni Stein, Genoa 


MOORE RAPID 


WHEN YOU MELT... Leel comelt 


al 


\ 
wae 
The co ele st ture is s — nd 
thon 
2. No movable rts required at mp level Ai 
2. Remete-cont | | 
ibove, write Pittsbu le meh : | 
Corporation, 326 32nd St., Pittsburgh 30, Pa 
50,000 K.V. A. : 


. 


Kiln plant No 4 as it nears completion. This photograph, token 
April 29, 1952, shows kilns in pusition, finshed product buildings 
under construction (at left) and stacks going up lat right) 


D-day for dead-burning 


OON after vou read this, dead-burned dolomite 
S will be pouring from these new kilns at our Vlaple 
Garove works | avored by weather and well coordinated 
schedules, concrete work and installation of kilns 
and accessory equipment have gone forward with 
unusual speed. 

Kaln plant No. 4 will increase very substantially our 
Capac itv tor produc ing dead burned dolomite Here we 
will make Magnefer and Svndolag to the same rigid 
specifications, by the same controlled procedures that 
have enabled these fettling refractories to win their repu- 


tation for high quality and dependable performance. 


haste h f raclortes Duce vated 


845 HANNA BUILDING, CLEVELAND 15, OHIO 


Agents im Canada RIEEFRACTORIES ENGINEERING 
AND SUPPLILS, LID... Hamilton and Montreal 


Erecting steel sections of stacks that exhaust hot gases 
from kilns. The stacks, 215 feet toll, will tower 95 feet 
above the raw storage silo 


Installing high alumina brick in kiln. Burned basic brick are 
used in the hot zone in which temperatures above 3000 F 
are required 


Railroad tracks will soon cross this fill of ao quarter 
million tons to facilitate shipment of dead-burned dolo 
2nd other refractory products 


— 
a 
ar 


